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Metric Conversion Factors (Approximate)
WhenYouKnow " To Find |
Symbol - Number of Multlply By Number of Symbol
| o  LENGTH
in inches 254 centimeters cm
ft * feet 30 centimeters cm
yd yards 09 meters m
mi " miles 1.6 | kilometers km
| o AREA v |
in? - square inches 6.5 square centimeters cm?
|12 square feet 0.09 square meters m?
yd2 square yards 0.8 square meters m?
mi2 square miles 2.6 square kilometers -~ km?
: acres 04 hectares ha
| . WEIGHT (mass) = .
0z ounces 28 grams g
(o] pounds 0.45. - kilograms kg
-short tons o 0.9 metric tons - t
(2,000 pounds) . 7 ' : .
, , VOLUME ‘
tsp teaspoons 5 milliliters mL
Ttasp tablespoons 15 - milliliters mL
in - cubic inches 30 - milliliters mbL
| floz fluid ounces - 30 " milliliters mL
¢ cups 0.24 liters - L
pt pints 0.47 liters L
qt quarts - 095 - liters L
?t? gallons 38 liters L
| cubic feet 0.03 cubic meters m>
yd® * cubic yards 0.76  cubic meters m
L PRESSURE
inHg inches of mercury - 34 kilopascals kPa
psi pounds per square inch 6.9 kilopascals kPa
L | " TEMPERATURE (exact) |
°F degrees Fahrenheit 519 (after degrees Celsius °C
. subtracting 32)

Source: U.S. Department of Cd’mmerce. Metric Style Guide for the News Media.
National Bureau of Standards. Washington, DC, n.d. ‘

xii




3.0 THE ASBESTOS INDUSTRY

3.1 GENERAL

~The asbestos 1ndustry involves a wide range of operations including
‘mining the ore, ‘milling the ore to obtain raw asbestos fibers, -
- manufacturing asbestos- containing products and fabricating asbestos- .
contajning. products for a variety of applications A1 of these operations
have the potential of releasing asbestos fibers to the atmosphere
Apparent U.S. asbestos consumption was 48, 000 Mg in 1989. 1 Other
activities not strictly a part of the asbestos - industry that have the
potential of re]ea51ng asbestos fibers to the atmosphere include
‘construction, demolition, and renovation of buildings or structures that
contain asbestos and disposal of asbestos-containing waste. The following
paragraphs brief]y'describe each of these operations'and activities,
“including an estimate of 1989 nationWide emissions. Emission estimates are
presented in Section 3.4. ' ' o
3. 1.1 Mining v

In 1985, three asbestos mines were operating in this country--two in
California and one in Vermont. None of the three mines is located in large
~ population centers. o ' ‘ ' ‘
3.1.2 Milling | |

The three mining 51tes operating in the United States in 1985 also i
operated the only three mills in this country.

Annual emissions from milling are estimated to be 330 kg (730 1b).
3.1.3 Asbestos Paper Manufacturing

‘Asbestos paper products which are used in a wide variety of -
applications, are produced on papermaking machines. Paper products can be
,'gropped into several categories, including flooring felt, roofing felt,
beater-add gasketing paper, pipeline wrap, spec1a1ty papers, millboard and
rollboard, commercial paper, and e]ectrical paper. Flooring felt a]one
accounts for nearly 50 percent of total asbestos consumed in paper
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products. Asbestos consumed'by'flooring felt, roofing felt, and beater-add
| gasketing paper accounts for near]y 90 percent of total asbestos consumed
in asbestos’ paper products ' v '

' Annual emissions from paper manufactur1ng are est1mated to be 8 kg (18
1b). , ’
3. 1 4 Asbestos. Fr1ct10n Mater1als Manufactur1ng _

Asbestos friction materials 1nc1ude drum brakes, disc padS'for disc

brakes, brake blocks, clutch facings, and .industrial linings for |
- manufacturing equipment. The largest segment of asbestos friction material

shwpments by value is drum brake: 11n1ngs (mo]ded and woven) a]though disc

‘brakes are becoming more popu]ar

o Emissions from fr1ct1on product manufactur1ng are est1mated to be 500
kg/yr (1,100 b). .
3.1.5 Asbestos Cement (A/C) Products Manufactur1ng ’

A/C products manufactured in the United States: usual]y fall into one
of two categories: sheet (1nc1ud1ng cement or s111cate) or pipe. However
a small market exists for A/C molded and extruded products

Estlmated annual emissions from the production of A/C pipe and A/C
sheet are 40 and 30 kg (89 and 67 1b), respect1ve]y
3.1. 6 Vinyl/Asbestos (V/A) Floor Tile Manufactur1ng
' V/A floor tiles are manufactured from filled po]yv1ny1 chloride (PVC)
po1ymers or»copo]ymers They are produced in squares usually 23 cm by 23

m (9 in. x 9 in.) or 30 cm x 30 cm (12 in. x 12 in.) with thicknesses
varying from 0.1 cm to 0. 2 cm (1/32 to 3/32 in.). V/A floor tiles are
widely used because of ease of 1nsta11at1on and maintenance, durability,
and rot res1stance , T11es are fastened down with asphalt-based adhesives
or a self- st1ck1ng adhesive that is put on at the manufactur1ng fac111ty
and covered with release paper.3 |

Emissions from the product1on of V/A floor tile are estimated to be 8

kg/yr (18 1b/yr). _

3. l 7 Asbestos- Re1nforced P]astlcs Manufactur14g

‘_ Asbestos reinforced plast1cs are polymeric mater1als to which asbestos
_ fibers are added to mod1fy the composite's physical and chemical

character1st1cs ' These- composite mater1als are mu1t1component blends in

wh1ch the asbestos fiber is the 1oad carry1ng member and the polymeric
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matrix fills the gaps between the fiber and distributes the applied stress
to the fibers The plastic material provides a shape and a smooth surface
to protect the fibers and also may provide thermal or electrical '

" resistance. Asbestos fibers are used to reinforce pheno11c po1yester, and

epoxy resins and in a wide range of thermoplast1c polymers.4
Primary applications of asbestos-reinforced plastics are V/A and
asphalt floor tiles, friction materials, and gasketing,d discussed

‘separately in sections specific to these product categories. ~ Phenolic

.molding compounds are the major asbestos users in reinforced plastic
gapp11cat1ons other than the above primary app11cat1ons 6 1In this sect1on
,d1scusswon is limited to phenolic mold1ng compounds. ‘

Major markets for phenolic molding compounds are automot1ve pr1nt1ng,

- household appliances, and electronics. Other’ markets include wiring

devices, _communications, and closures. 7
Annua] em1ss1ons from- p]ast1cs manufactur1ng are estimated to be 30

-kg. , ,
.3.1.8 Asbestos Coatings and Sealants Manufacturing

o Asphalt-asbestos coatings represent the major product in this industry
segment. Industrial, construction, and automotive industries use these

.coatings to protect metals from corrosion, to insulate pipes and tanks, and

to control sound. They have a variety of USes‘as undercoatings for

- automobiles, f]asbing'cements tile cements, and roof coatings, but they
‘are primarily used for the latter.8 '

...

The manufacture of asbestos coat1ngs and sea]ants emits an est1mated
20 kg/yr (44 1b/yr) of asbestos. ‘ ; ' :
3.1.9 Asbestos Gaskets and Pack1ngs Manufactur1ng

Gaskets and packings are used to prevent fluid leakage in applications
such as valves and pump tank sealing devices. Asbestos is the most widely
used mater1a1 for gaskets and packings because of 1ts resilience, strength,
chemical inertness, and heat resistance. 9 L

Manufacturers of beater-add gasket1ng'paper use a papermaking process

~and are excluded from this category. Beater add gasket1ng is discussed in

Section 3.1.3, Asbestos Paper Manufacturing.

Em1ss1ons from the manufacture of gaskets and packlngs are estimated
to be 1 kg/yr (2 1b/yr).
3.1. 10 Asbestos Text11es Manufactur1ng

Asbestos fibers may be worked into a textile form to provide an
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1ncombust1b1e mater1a1 that retains its physical propert1es at high
temperatures ~Asbestos text11es are manufactured in severa] different

forms and have various uses including:

. Lap--used as 1nsu1at1on for e1ectr1ca1 conductors
o« Rov1ng--used as insulation for heater cords tw1sted ‘to form yarn

e Yarn--woven into textiles '
. iCorde-used for seals, pack1ngs and insulation
. 7‘ Cloth--used for. curta1n5' blankets, and safety clothing
lf" Tub1ng--used for sleev1ng for electrical conductors
- e  Wick--used as pack1ngs and sea11ngs

e Tape--used for electrical 1nsu1at1on.10

Textile asbestos emissions are estimated to be 3 kg/yr (7 1b/yr).
3.1.11 Chlorine Manufacturing - o ' '

0f the chlorine produced in th1s ‘country, 70 percent is produced by
 diaphragm cells, and an approx1mate total of 0.1 kg of asbestos is consumed
per megagram of chlorine produced (0.25 1b of asbestos consumed per ton of
chlorine produced) 11, 12,13 Qver half of the chlor1ne plants in the United
States produce chlorine by the diaphragm cell process '

No data are available to estimate asbestos emissions from the

production of chlorine, a]though emissions are considered small relative to
emissions from asbestos product manufacturers. |
3.1.12 Shotgun Shell Manufacturing v

" Asbestos was once used to manufacture base wads for shotgun she]]s
"However, given the ava11ab111ty of subst1tutes for asbestos wads, this

market has d1sappeared Thus an emission estimate was not made for this
category
3.1.13 Asphalt Concrete Batch1ng

Asbestos added to asphalt g1ves it greater strength and 1onger life
and has been used as a thin topping. 1ayer on some a1rport runways., bridges,

" and street curbing.14 As of 1974, there were an estimated 5,000 asphalt

- concrete p]ants in the United States, about 50 of which used asbestos. A
 total of 4, 100 Mg (4 500 tons) of asbestos were used 15 By 1978 asbestos
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use in asphalt concrete was less than 91 Mg (100 tons) per year as a result
of environmental restrictions and concerns»over health effects and
Government regulations,16 most likely regulations from EPA and Occupational
Safety and Health Administration (OSHA). Current asbestos use in aspha]t‘
concrete is negligible and its continued use is un1ike1y.17 In 1981, the
National Asphalt Pavement Association (NAPA) was not aware of any asphalt
.concrete plant that uses asbestos. 18 : |
o Emissions from asphalt concrete product10n were not est1mated but
because of negligible asbestos consumption, emissions are insignificant.
+3.1.14  Asbestos Product Fabrication , l, ‘
 Asbestos product fabrication refers to operat1ons that use products
from primary manufacturers  and fabricate them into end products or for some
final use. In many cases, primary manufacturers fabricate their own:

products or the products of other primary manufacturers. These activities
are dea]t'with in the discussion of the priméfy manufacturing processes and
_include operations such as the app11cat1on of a v1ny1 coating to flooring
. felt to form a comp1eted floor covering and the use of asbestos paper to .
form ‘gaskets. ' . _ ' DT
Field fabrication of asbestos products is somet1mes required, wh1ch
- -involves occasional cutting and machining of A/C pipe and A/C sheet during
~installation of a pipeline or at a construction site and cutting of roofing
andrfldoring products during installation.  The fabrication categories
currently covered by the national emission standard for hazardous air
po11utants (NESHAP) include fabrication.of A/C‘building products, of A/C or
asbestos-silicate boards, and of friction materials. Other categories
include fabricators of paper products, plastics, ‘and textiles. Emissions
~ from fabrication sources covered by the NESHAP are estimated to be 60 kg/yr
(130 1b/yr). - , . ' -
3.1.14.1 A/C Products.l9 Many A/C sheets come from the manufacturer
ready for use; however, specialized applications of A/C sheet (e.g.,
1aboratory tabletops, fume hoods, heat shields, and mount1ng panels for
. electrical switches) requife secondary processing.. Much of the secondary
= processing is done by distributors, job shoppers, or fabricators who are
Tocated throughout the country. End users usually do not fabricate A/C
shéet because trade unions or corporate management often prohibit workers
from fabriéating A/C sheet on- -site. Some corporations have banned any use
of asbestos- -containing materials in their products. '
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A/C sheet fabricators genera11y service particular markets (e.g., some
| fabrfcate mostly fume hoods and 1aboratory tabletops, while others
d1str1bute and fabr1cate construction products) and genera]]y distribute
and fabricate asbestos subst1tutes as well as asbestos- -containing
mater1als with the trend over the past 4 to 5 years being toward more
subst1tutes

3.1.14.2 Asbestos Friction Materials.20 Fabricators of friction
products include secondary fabricators and the automotwve aftermarket
~ Most. secondary fabrication of fr1ct1on products is performed by the primary
manufacturers, either in the primary manufacturing plant or at a separate
1ocat1on Some friction products are sold to secondary fabricators who
produce components such as clutch fac1ngs and brake pads, mostly for sale
in the automotive and industrial and commercial aftermarkets. ‘

" The collection of industries known as the automotive aftermarket is

| composed of companies that remanufacture distribute, and install
- replacement parts to service and ‘repair the Nation's motor vehicles,
_pr1mar11y the remanufacturer of brake linings and clutch plates. At one
time, automatic transmissions were rebuilt with parts containing asbestos
material; however, in recent years, automatic transmissions have switched .
‘to small throwaway clutch dISCS and away from the large rigid bands that »
can be resurfaced ,
' Remanufactured parts are d1str1buted to reta11 outlets for 1nsta11a-
tion on motor vehicles. The retail out]ets include motor vehicle dealers;
~ tire, battery, and accessory shops ‘gasoline service stations; and general
automob11evrepa1r shops. The movement of parts from the remanufacturing
facilities to the retail outlet is performed by distributors. The
~distributors act as a clearinghouse and storage center for the. ‘ :
~ remanufactured parts before delivery to retail outlets. The parts are
usually individually boxed at the remanufacturlng fac111ty and genera]]y
are not reopened or repackaged at the distribution centers. _
The general service and repair sector of. the automotive aftermarket is
very large and involves a number of subsectors Estimated establishments
involved are: ' ‘
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Repair shops S : ' 86,991

Dealerships : , , - 25,641

Tire/battery/accessories : 35,986

Service stations - 136,570
Tota] o - 285,188

3.1.14.3 AsbeStos-Reinforced Plastics. Primary industry segments

.manufacture moiding compounds, mainly phenolic mo1ding compounds, and sell
this granulated material to a myriad of secondary;molding?fabricators.
‘Major Segments of this secondary industry include household appliances,
“utensils, and tools; various automobile appTications in the ignition,
‘transmission, and wiring system; the wiring device industry; electrical
switch gear manufacturers makers of closures such as bottle and jar caps:
and the communications and electronics 1ndustry Some of the primary
industries fabr1cate their own p]astvc products, but, for the most part
asbestos- re1nforced p]ast1cs go through secondary processes. ,
3.1.14.4 Asbestos Paper Products. Asbestos paper is used in areas
such as roofing, gaskets (;ommon]y called beéter-add gaskets), thermal and
‘electrical insulation material, and under]aying'for sheet flooring. Many

primary manufacturers of asbestos paper also fabricate and finish the
product for sale to the end user. Specifically, manufacturers of asbestos
sroofing ‘felt have their own saturating plants, which in turn sell the -
roofing product directly to the construction industry. Individual
establishments acting as secondary fabricators of asbestos roofing products
‘are minimal. A significant portion of asbestos paper goes d1rect]y into
the secondary fabricators for gasket1ng mater1al Other paper is sold to
,manufacturers of coolwng towers where the paper is saturated, cut and
fabricated as a sandw1ch filler for some applications.

Based on sales data from primary manufacturers, an estimated 60
. percent of asbestos paper goes through some form of secondary fabr1cat1on
before reaching the construction industry or other end users. '
‘ 3.1.14.5 Asbestos Gaskets, Seals, and Packings Materials. During
secondary fabr1cat1ng steps, gaskets and packings materials may be
impregnated with polymers, latex,_or other chemicals to impart certain
properties to the material. Secondary fabricators cut,‘slit, or punch the

~ material to'specific shapes for end users. Where strength and pressure

sensitivity are not critical, gasket cutters use asbestos paper from the
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paper segment of the pr1mary asbestos 1ndustry Fina]ly, asbestos yarns
‘made by primary asbestos textile mills are sold to secondary fabr1cators to
be used as packings material for pumps and other app11cat1ons that require
this high-strength material. In some instances, prtmary textile operations
will manufacture their own packings material and sell it directly to end-
user industries. - SRR o

- Based on sales data from prihary industries, approximately 95 percent
of gaskets and packings material are estimated to?go through.secondary~
fabricating firms. | |
‘ 3.1.14.6 Asbestos Text1]es The w1de range of asbestos textiles has
a'correspond1ng]y wide range of secondary markets. ~ Asbestos cloth has been
used in we1d1ng curtains and screens, safety garments protectlve clothing,

and reinforced plastic laminates. Asbestos yarn is still used to a limited v,

degree in the wire and cable industry. Asbestos yarn is used in braided
packings and is woven in the process of making certain clutch facings and
brake 11n1ngs for industrial app11cat1ons 21 '

_ W1thksome large textile companies, fabr1cat1ng certain products may
occur within the primary textile industries. However for the most part
~asbestos ‘textiles go through secondary fabricating steps prior to end use.
For this reason and based on sales data, it is estimated- that approx1mate1y
90 percent of the asbestos textiles manufactured by the przmary segment go
through secondary process1ng ‘
3.1.15 (Construction Industry : ,

In 1977, 1 2 million establishments were operating as general bu1]d1ng
,contractors and operat1ve builders (SIC 15), heavy construction contractors
(SIC 16), special trade contractors. (SIC 17), and subdividers and
developers (SIC 6552).22  0Of the 1.2 million establishments, 70 percent
were special trade contractors 24 percent were genera] builders, 5 percent
were 1nvolved in heavy construction, and 1 percent were. subd1v1ders and

deve]opers S a .
' General building contractors and operat1ve butlders are 1nvo1ved in

‘r‘res1dent1a1 and nonres1dent1a1 construct1on that 1nc1udes dwellings,

stores, farm buildings, and office buildings. General contractors perform
serv1ces e1ther under contract with the project owner or under the
operative bu11der who undertakes pFOJECtS to be sold. Heavy construction
general contractors are involved in highway and street construction;
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bridge tunnel, and elevated highway construction; water, sewer, and
ut111ty projects; dams and water projects; airfields; heavy industrial
fac111t1es, and other heavy construct1on that involves either earth moving '
or erecting constructions. and appurtenances other than buildings.
Specia1 trade contractors are involved in specialized activities such

‘as plumbing, heating, and air-conditioning; painting, paper hanging, and
decorating; electrical work; masonry,and other_stdnework; plastering,.
~ drywall, and insulation; terrazzo, tile, marble, and mosaiC‘work; :
carpentry; roofing-and sheet metal work; concrete'work; water well
drilling; structural steel erection; glass and glazing work; excavating and
foundation work; and wrecking and demolition. Special trade contractors
~may work for general contractors under subcontract or direct]y for the
project owner. Subdividers and developers are primarily engaged in
subdividing real property into ldts and in developing it for resale for
“their own account or for. others. ' L .

 Regardless of the types of construction work and bus1ness certain
fundamenta] characteristics are shared among various industry classes.
Some of these characteristics can be summarized to define the industry

further:

. Construction work is performed at temporary locations that vary
in s1ze phys1ca1 boundaries, and work1ng surfaces

. Construction work 1is usua]]y performed in open air, subject to
weather variability.

e Construction work varies as the project progresses from

~ initiation to completion, demand1ng a variety of materials,
equipment, and skills.

. erype and durat1on of emissions are var1ab1e due to the
significant influence of wind and atmospheric conditions.

. Portable tools and equipment are preferred on temporary locations
and for fieldwork, making local exhaust ventilation (LEV) and
dust collection a maJor eng1neer1ng prob]em

. Employment is trans1ent in construction, perm1tt1ng tradesmen and

laborers to work for severa] d1fferent contractors at severa]
different sites per year. .

3.1.16 Renovation ,
, Under Section 61.141 of the asbestos emission standard, renovation has
been defined as “"altering in any way one or more fac1l1ty components. "
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Wrecking or removal of load- support1ng structural members is excluded.
Therefore remova] of insulation materials conta1n1ng asbestos and remova]
of sprayed-on asbestos -containing materials for remodeling, repair, or
renovat1on (operat1ons as described by the construction industry) come
~under the standard's purv1ew ~ However, as the standard stipulates, only
removal or str1pp1ng of friable asbestos mater1als amounting to that
covering more than 80 m (11near) ‘of pipe or that covering more than 15 mé
~on facility. components is regu]ated The Administrator excluded from the
scope and app11cat1on of the standard all residential bulldlngs except
pr1vate multiunit dwellings with more than four units.

" Portions of the construct1on 1ndustry that would engage in “renovating
‘operat1on" (as defined in the standard) are general contractors of
residential but not s1ng1e -family bu11d1ngs genera] contractors of
nonres1dent1a1 buildings that include 1ndustr1a1 bu11d1ngs and warehouses,
and genera] contractors who engage in new construction, addition,

" alteration, remodeling, and repair of commerc1a1 1nst1tut1ona1 religious, .
amusement, and: recreational bui]dings: There are also contractors who
specialize in asbestos abatement work. - In addition, the fol]ow1ng special
trade contractors would most 11ke1y engage in renovat1on

e - Plumbing, heating (except electric), and air- cond1t10n1ng
. 'E1ectrical_work |
..1‘ P1asterfng,'dryWa]1, acodsttCal, and insulation work
:a | 'Roofing‘and sheet meta1 work

. v’Wrecking andvdemolition
,; Installation or erect1on of building equ1pment not e]sewhere

: classified (includes contractors who dismantle industrial
equ1pment)
. Spec1a1 trades not elsewhere class1f1ed (includes insulation of

_pipes and boilers and d1smant11ng of forms of poured concrete)

The special trade contractors not elsewhere classified include
‘contractors engaged in waterproof1ng, damp -proofing, and f1reproof1ng that
may require renovat1ng as defined by the ‘standard. ' _

Due to the high level of control used in most renovation operat1ons
'em1ss1ons from renovat1on are. est1mated to be on]y about 542 kg/yr (1 200

~1b/yr) .
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3.1.17 Demolition
In 1979 under a "New Directions Grant" from OSHA, a demolition

industry profile was prepared;23 | The profile showed that 2,300 companies
vin the United States are involved in demolition as'opposed to the 836
“reported,in 1972 and the 978 reported in the 1977 Census of Construction
‘Industries. The researchers used a variety of sources but found over 1,600
if1rms advertising demolition services in te]ephone directories of 157
cities. They estimated that approx1mate1y 2, 300 firms were capab]e of
: demolition work. An estimate made in the mid- 19805 puts the number of
 firms at nearly 2,500. 24 v ' '
o Pr1mary data showed that most of the demo]1t1on f1rms--approx1mate]y
68 percent--provide a fu]l range of industrial, commercial, and residential.
structure demolition. The remainder are involved in specialized jobs, such
as chemical plants, port facilities, or ut111t1es equ1pment ' The/report !
'charactér1zed demolition work by short-term Jjobs and substant1a] -
“subcontracting.2d / |
' The survey showed that the average firm employs 12 permanent and 10
"temporary workers and that the average durat1on of demolition prOJects is
3.9 days for a res1dence 9.6 for a commerc1a1 structure and 14.7 for an
industrial fac111ty . o '

- According to the background: 1nformat1on document (BID) for the 1973
" asbestos emission standard, 4,000 apartment buildings and 22;000‘commereia1
" or industrial buildings are demolished annually.26 However, according to
previous EPA estimates, fewer than 3,000 demolitions per year are covered
by the standard.?’ For verification, EPA regional NESHAP officers '
indicated that an est1mated 2,618 demo11t1on projects covered by the
standard are completed in a year.28 Further investigation revealed ‘that
contracts were awarded for demolition of 2, 596 buildings in 1978. 29 Data
were not available on the number of these that involved asbestos.

Estimates of nationwide emissions from demo]1t1on are 65 kg/yr (144

1b/yr). _ : '
7 3.1.18 Asbestos Waste: Disposal :
Asbestos- conta1n1ng waste is generated by almost all of the operat1ons
 discussed in the preceding paragraphs Asbestos mills are the largest
1nd1v1dua] producers of asbestos waste. 'Asbestbs mill waste consists of
the remains of the asbestos ore after the asbestos has been removed (m111




f tailings). Ta111ngs produred by domesttc asbestos m1111ng are deposited by
conveyor belts onto large. tarlings piles. They usually are dumped wet onto
“the piles to prevent emissions. Attempts to vegetate the surface of ‘
tailings p11es have met with Jimited success due to the high alkalinity of
the ta1]1ngs and the expense of . hauling in suff1r1ent soil cover with which
to establish vegetation. Chemicals have been added to wet tailings prior
to dumping that help bind the parttcles and help the ta111ngs resist wind
erosion. Upon drying, some tailings form a protect1ve crust-11ke cover
that resists erosion and protects underlying material. In some 1nstances
,ta1l1ngs piles from the milling of long-fiber asbestos ores are self-
‘stabilizing because of the Tow percentage of fine dust, the tendency of
meteoro]og1ca] cond1t1ons to form a 1ayer of 1arger part1c1es that protect
the pile's interior, and the consolidation of the pile by freez1ng durwng
much of the year. 30 Estimated annua] em1ss1ons from waste dtsposa1 at
mills are 22 kg/yr (49 lb/yr) :

- Asbestos- conta1n1ng waste from manufactur1ng and fabricating
operations is in much sma]]er quant1t1es than waste from asbestos mills.
Most. manufactur1ng, fabr1cat1ng, demo11t10n ~and renovat1on wastes
containing asbestos are disposed of at 1andf111s A 1981 report by JRB
Associates 1nd1cated approximately 12,677 san1tary 1andf1lls and 44
hazardous waste landfills in the United States.3l "It is likely that
asbestos waste is accepted by all 44 hazardous waste landfills. In
add1t1on a number of sanitary landfills, both privately and pub11c1y
owned, have been granted approval to accept asbestos waste.

, A1though most manufacturing wastes are disposed of at these 1andfulls
vfsome plants operate their own on- -site landfill for disposal of their
‘asbestos waste. - Plants that are most 11ke1y to operate their own landfill
are those that produce the greatest quanttttes of waste, such as A/C pipe .
plants and friction material manufacturing plants Total waste generation
by manufacturing operations is estimated to be 12,200 Mg (13,400 tons) per
year. Estimated annual em1ss1ons from waste d1sposa1 at manufacturtng and
fabricating sites are 10 kg/yr (22 lb/yr) . , '

Asbestos waste generated by demolition and renovation activities is
~estimated to be an average of 5.7 million m3 (7.5 million yd3) per year.
Est1mated annual emissions from demolition and renovat1on waste
' d1sposa1 are 250 kg/yr o
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3.1.19  Asbestos Drilling Fluids -
~Asbestos is used by the petro]eum 1ndustry as an add1t1ve in we]]

drilling fluids. The asbestos acts mostly as‘a viscosifier, which enhances
~_the hole- -cleaning properties of the dr1111ng mud. Up-to-date 1nformat1on
on current usage of asbestos in drilling muds was not’ 1dent1f1ed A 1978
”vpub11cat10n by the American Petro]eum Institute indicates ‘that
approximately 8,600 Mg (10,000 tons) of asbestos were used for that purpose
in 1977.32 The September 1982 issue of Drilling Contractor33 indicates
that the average number of active dr1111ng rigs in 1977 was 2, 002.

- Asbestos usage in 1977 therefore -can be expressed as approx1mate1y 4.5 Mg
(5 tons) per active dr1111ng r1g If it is assumed that this usage rate
,'has remained constant, asbestos usage for dr1111ng muds in 1982 can be ‘

' estimated at 13,720 Mg (15,245 tons) based on 3,049 active drilling rigs. 341
However, another study indicates that asbestos usage in drilling muds was _
‘declining and may have been as low as 4,600 Mg (5,000 tons) in 1980.35
4 3.1.20 Manufacture of Fireproofing and Insulating Materials |
- Asbestos has been used as an ingredient in materials used for thermal
“insulation, acoustical insulation, and fireproofing. Asbestos- containing

products used as insulation include asbestos millboard and rol1board,
asbestos commercial papers, asbestos cements, asbestos blankets, asbestos
- coatings and sealants, sprayed asbestos 1nsulat1on and molded products

. Friable insulating materials were banned by EPA and are no longer
manufactured. - Spray-on materials containing commerc1a1 asbestos are no
longer manufactured and have been replaced by nonasbestos materials.
Because these ‘materials are no longer manufactured no further discussion
of them is presented in this chapter. Asbestos: millboard, rollboard, and
commercial papers are. paper products and are discussed'in Subsection 3.1.3.
Asbestos blankets are textile products,'which are discussed in Subsection
3.1.10. Asphalt and tar-based coatings and sealants to which asbestos is
added have insulating properties. Asbestos coatings and sealants are

» discussed in Subsection 3.1.8. , : '

. 3.1.21  Removal and Recycllngggf Asbestos Pavement

“Asphalt pavement topping containing asbestos f1bers was 1a1d in the 19605

and 1970s. Typical asbestos content was 2 to 3 percent by we1ght topping
thickness was 19 mm (3/4 in.), and life was about 10 to 13 years. 36, 37 After
its useful. life, the pavement may be covered with- more layers of pav1ng,
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‘ mi]]ed to provide a smooth surface for extended 1ife, or broken up and’
discarded to make way for new pav1ng 38 Sometimes, when pavement is to be
resurfaced, a m1111ng machine is used to remove the top surface of the
ex1st1ng pavement The milling machine is se]f prope]]ed and has a drum with
tungsten- -carbide- tipped teeth that extend about 6.35 ¢m (2.5 in.).  Tooth

. spacing determines the roughness of the road surface after m1111ng Although
milling was. former]y practiced as a dry operation, essentially all milling

) machines now have water sprays to suppress dust. The material removed from
the road surface by the m1111ng mach1ne is in chunks of up to 6.35 cm (2.5
in.), which are swept up by a mechanical sweeper that pushes the chunks into a
funnel arrangement and onto a conveyor for 1oad1ng into a truck.  The sweeper
and coriveyor are attached to the milling machine. Dust that is generated -
dur1ng the m1111ng is swept up with rotary sweepers that push the wet dust to
the side of the road. In urban areas, the sweeper is fo1lowed by a powered

v-'vacuum that col]ects the dust for disposal. In nonurban areas, the wet dust

is left by the roadside. The wet debris is collected and recycled through a
hot asphalt p]ant (in most States) or d1sposed of in a Ticensed landfill (in
some northeastern States). 39, 40 . '

A typ1ca1 removal operation entails wet saw1ng pavement into large areas,
then tear1ng out the pavement between Saw cuts with a backhoe or similar
equipment. For smaller JObS “jackhammers may be subst1tuted for saws. The
chunks of debris are loaded into trucks with front- end loaders and transported
to a batch p1ant'for recycle or to a landfill. Debris and wet dust from the
'saw1ng operation are swept by hand or by mechan1ca1 sweeper and included with
other debris. B ' : '

“Pavement removal is also accomp11shed by us1ng a motor grader or
bu]]dozer to rip up the desired pavement into Iarge chunks. If the paving is
to be recycled, heavy equipment is run over'the‘brOken'roadway to reduce the
size of the chunks. A front-end loader is then used to dig out the resulting
‘chunks of paving and load them onto a truck for transport. If not recycled,
the chunks may be disposed of in a 1andf111 or may be used as f111 for nearby
}h1ghway construct1on s1tes

Potential sources of asbestos emissions would include the sawing,
milling, and sweeping operations. The pavement -breaking- operat1on probably
does not contribute much to asbestos emissions.4l It is not clear if the use
of}gackhammers.would produce significant asbestos emissions.
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3.2t Recycle Qperations. Almost all new asphalt plants are drum
mixer rather than batch plants. The sequence of operations in a batch p]ant
is: cold aggregate feed to aggregate drier to bucket conveyor to screening to
- hot hopper bins to pug m111 mixer, where asphalt is added to make up the
batch.42 The drum mixer plants have no conveyor,,screens, hot bins, loading ‘
* hopper, or pug mill. In batch plants, the drier uses a counterf1ow'of

aggregate and combustion gases, with the burner at- the low end of the drier.
“In -drum m1xers the burner is at the high end and fiow is co- current Virgin
aggregate is fed at the top of the drum, recycled asphalt pavenent (RAP) is

~ fed in the middle, and aspha]t is added in the last third. The virgin

- aggregate is "superheated" near the burner end to remove water and to retain
heat for melting asphalt in the RAP and for keeping: the mix hot after it
leaves the drum and while it is in storage or transfer. Final heating to
about 135 to 154 °C (275 to 310 °F) is achieved in the paving machine.

Typical sizes for the drum mix plants are from 45 to 405 Mg/hr (50 to 450

5 tons/hr) of paving mix. : ‘ : ' :

| The RAP brought from a repair site to the aspha]t p]ant is stored in low
: stockp1]es (hwgh piles would promote unwanted bonding of the pavement chunks)
When needed for addition to new mixes, the material is removed from the

' fstockp11e with an end loader and dumped onto a conveyor for 1oad1ng into the

drum. The conveyor is equipped with a load cell for weighing the amount of
RAP that is added to the mix. Typically, the amount of RAP,used is from 15 to
25 percent but may go h1gher or lower. Hithin'specifications'established by
the customer for a maximum amount of RAP, the asphalt plant operator uses an
amount that gives. h1m the best economic balance between the cost of extra fuel
to remove water from wet RAP and the sav1ngs obtained in- using recycled
~ material instead of virgin aggregate ‘The RAP asphalt and aggregate
characteristics are also factored into the economic balance.
The only difference between recycling milled pavement and removed
pavement is in the treatment of the paving chunks de]iuered to the asphalt
. plant.  The milled paving chunks are about 3.8 cm (1.5 in.) thick and can be
used directly, but the removed chunks are larger and must be crushed to the
3.8 cm (1.5 in.) size. A rotary crusher at the plant performs th1s operatwon
Controls for the plant are usually baghouses or scrubbers on the drum
m1xer._ For portable plants, the control is more likely to be a scrubber
because baghouses are harder to transport. Federal partwcu1ate standards (New
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Source Performance Standards) [NSPS]) for the plants are 0.04 gr/dscf and 20
: percent opac1ty Particulate matter emission’ poants are controlled either by
dust’ suppression techn1ques or by hooding and ducting to the control dev1ce
,Asphalt plants now tend to be very clean. 43 There is no longer the layer of
‘vf1ne dust that formerly was found coating everyth1ng at the p]ant
Potent1a1 sources of asbestos emissions wou?d 1nc1ude ]oadwng, unloading,

and conveyor operat1ons as well as gr1nd1ng and sizing. Load1ng includes
transfer of material to the mixer, but not the actual m1x1ng because the hot
aspha1t coats and retains dust in the mixer. : v

3.1, 21. 2 - Controls for Removal Operations. Contro1s for'removing
“asbestos pavement at road s1tes can include dust suppression measures,
pr1mar11y wetting, for sawing and sweepxng " Debris can be vacuumed and loaded
wet, and trucks should be covered A1l of these techn1ques are now pract1ced

to some extent R .

- 3.1.21.3" Controls for Recyc]e 0perat1ons Dust suppression techniques
can be used for 1oad1ng, un]oad1ng, and conveytng - Hoods and'dust collectors
(scrubbers or, “preferably, baghouses) ‘can be used wherever 1nsta11at10n is’
feas1b1e ‘These techniques are now generally practiced.

v 3.1.21. 4 Locating Existing Pavement.  Two methods. of 1ocat1ng asbhestos-
conta1n1ng pavement exist: survey1ng records and testing pavement Locating -
records may be difficult for many cases. Records for pav1ng jobs that were '
performed 20 to 30 years ago may have been kept at State, county, and city.
levels.. However it is uncertain and in many cases unlikely that the records

Cwill conta1n 1nformat1on about the type of mix used for the pav1ng Contacts
with the Federal Highway Administration,44.45 napa, 46 and city road and street
: off1c1a1s47 48 suggest  that finding 1nformat1on will be d1ff1cu1t Even for
locations in which it is known that asbestos pavwng was used, the current

officials are not aware of it. 49 ,

"Another prob]em ‘with the use of records for locat1ng existing pav1ng is
the amount of recycling that has taken place in most of the country. No new
asbestos asphalt paving has been 1a1d since the early 1970s. Since that time,
most of the existing topp1ng has been recyc]ed or discarded. 50 When aspha]t
is. recyc]ed it does not necessar1]y go back to the site from which it came.
Each time a length of roadway is recycled the asbestos it conta1ns may be
f distributed to new sections of paving. In these cases, no records would exfst
~of the aspha1t'origin or of its containing asbestos.
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To make pos1t1ve 1dent1f1cat1on of asbestos, it is- lTikely that any paving
being discarded or recycled wou1d have to be sampled and tested for asbestos.
Low-temperature ashing and. observation under an optical m1croscope would be an
appropr1ate method costing about $100. 51 However contact w1th the Aspha]t
Instituted? suggests that, after the passage of so much time since asbestos

‘was used in paving, fiber levels would be too Tow to detect and that there
-might be confusion,caused by background levels. of asbestos found in some
~~aggregates. Sampling and sample transport would add to the cost, a]though
core samples that are now routinely taken may be usable for asbestos
sdeterminations. - ,

" It is estimated that 16,000 km (10, 000 mi1es) of,topping were laid up to
the middle 1970s. For an average 10.4-m (34 ft) road width‘and a density of
2,498 kg/m3 (156 1b/ft3) for asbestos, total asbestos content of the roadway

‘would be 198 Mg (220 tons). Emissions from removal or recycling of remaining
. roadway are expected to be small. NAPA believed that no statisties are
thavai]able on the number of miles of street and highway repair andrsurfaCing
;done each year because of the many differentbtypes of roadways and types-of
governments overseeing them.33 However, for 1989, the amount of hot-mix
asphalt used was 441 million Mg (490 million tons) Of'this amount, 85 ‘
-percent was used for paving and the rema1n1ng 15 percent was used for other
-purposes such as sealing. The hot-mix used for paving could be for anything
. from resurfacing at depths as small as 1.27 cm (0.5 in.) to new roadway at

15.2 cm (6 in.). L o H

To make a rough- ‘estimate of the d1stance represented by the 375 m1111on :

‘Mg (416.5 million tons) of paving material, it was assumed that all the mix

was laid at a thickness of 7.6 cm (3 in.), a width of 10.2 m (34 ft), and a
density of 2,400 kg/m3 (150 1b/ft3). 'With these assumptions, the equivalent
annual mi]eage\for asphalt paving and repair,in the.United\States would be
about 198,400 km (124,000 miles). The estimated 16,000 km (10,000 miles) of
_.asbestos- -asphalt paving represents about 8 percent of the estimated annual
“repair and resurfacing performed in the United States and about 0.25 percent
of the more than 6.4 m1111on km (4 m1]11on m11es) bf roadway in the United
States.%% | T N

3.2 ASBESTOS INDUSTRY PROCESSES AND EMISSION SOURCES

" This section discusses processes and emission sources including
‘uncontrolled emissions. Uncontrolled emissions are hypothetical only
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because the asbestos 1ndustry is genera]]y well controlled As such, they
give an indication of what emissions could be in the absence of controls.
Emissions were estimated because EPA has not developed a method for
quant1fy1ng the asbestos content of the small amount of particulate -
collected through particulate sampling methods .53 ‘The methodology used to-
est1mate~em1ss1ons,1s d1scussed in Section 3.4. ’ -
3.2.1 Mining L S
" The asbestos content of ore bodies varies with location, from 2 to 3
percent asbestos by wewght at the Vermont mine to 60 percent at Union
Carbide's mine in San Ben1to Ca11forn1a Surface mining methods ‘are used
where the asbestos conta1n1ng ore lies. near the surface and is not bound
within massive rock depos1ts “Such ore can be bu]ldozed or removed by a
power shovel, a method used at the Union Carbide m1ne “An initial size
c]ass1f1cat1on step also is carr1ed out at the s1te In Vermont and the
Copperopol1s district of Ca11forn1a open pit mining is used and blasting
is requwred to loosen the overburden for removal. Holes are drilled for
placement of exp]os1ves “Secondary blasting may follow primary blasting to
reduce large boulders to manageable size. The ore is loaded by mechanical
“shovels into oVerheuling‘trucks and transported to a stockpile at a primary
Jjaw crusher ‘In_an Arizona mine that is now c]osed, asbestos deposits were
in narrow veins extending far below the surface, requiring underground
mining. The ore was freed by drilling and blasting, and the fiber was mined
in dr1fts and stopes  through a modified room and pillar method 56
Potent1a1 emission sources during mining include drilling, blasting,
bu11doz1ng, loading ore into hauling trucks, hauling ore and other traffic
‘within the mine, 1n1t1a1 process1ng at the mine site, and dump1ng ore in
stockpiles at the mill. Emissions will be influenced by meteorological
conditions, with wet cond1t1ons helping to reduce emissions in most mine
aCtiyities. Ores w1th high moisture content will be less likely to produce
emissions due to disturbances such as wind, 1oad1ng, -and dumping. Data for |
making emission estimates,were not”avai]ab]e.“ | L
©3.2.2 Milling | |
| Asbestos m1111ng is a comp]ex operation pr1mar11y 1nvolv1ng 'separation
of f1ber from rock and classifying fiber by length; the basic method has
changed 1little.57 The following description of asbestos milling is |
-excerpted from Control Technigues for Asbestos A1r ‘Pollutants.58




Separation of asbestos fibers from rock typically is initiated by
conveying mine ore by a‘]arge'hopper and pan feeder to a primary, jaw-type
crusher that accepts boulders up to 122 cm (48 in.) in diameter and reduces
these to fragments not larger than 15.2 cm (6 in.) .in diameter. | o
'Subsequent1y, this crushed rock s transported by belt conveyor to trommel
screens, which are rotat1ng cy11nders with various-sized open1ngs or to a
. ‘stationary-bar grizzly, a type of screen, for the sizing operat1on Ore
J{fragments greater than 3.1 cm (1-1/4 in.) in diameter are routed to a
secondary cone-type crusher for: further reduction, and outputs of pr1mary
.and secondary crushers are conveyed to a wet- ore,storage pile exterior to
the mill. This stockpile usually contains sufficient‘ore to sustain mill
operat1ons for an extended time. ' o ‘ :

wet ore is extracted from the bottom of the wet ore stockp11e by a
,v1brat1ng -chute feeder in an underground tunnel. The wet ore enters slowly
brotat1ng cy11ndr1ca] dryers that permit baffles 1nterna1 to the dryers to
pick up and release the wet ore cont1nua1]y, thereby exposing it to a -
“drying current of hot air. e e

The dried ore is conveyed by be]t to a v1brat1ng screen that sizes the"
ore for fine crushing. The undersized screen1ngs and the output of the
~final crushers form a dry-rock stockpile, which 1is housed to protect it
" from the exterior environment. e
B The f1ne1y crushed, dried asbestos ore next traverses a rock c1rcu1t
y-where it undergoes several screenings, fiberizing, and aspiration to remove
freed fibers and further disintegrate rock. The principal purpose of this
set of operations is to separate'asbestos fibers from rock, but the circuit
secondar11y functions to grade fibers according to length. | '

' In the rock c1rcu1t cleaned rock is finally expe]]ed to an exterior
tailings dump. As the airstreams that convey aspirated asbestos fibers

- pass through cyclone collectors, the fibers are removed for cleaning and.
; additional grading. Exhausts from these collectors are vented to gas-

f cleaning devices. ‘ :

ij Fiber- cleaning c1rcu1ts are 1ntended to perform add1t1ona1 fiber

5 opening, to classify and separate opened fibers from rock and unopened

| material, and to carry out further fiber-length grading. Grad1ng,
screening, aspirating, and opening'are involved in this circuit; in
addition, some material is rejected as waste.. The aspirated asbestos
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fibers are deposited into cyclone collectors and subsequently delivered to
the grading circuit as Tong, medium, short, and eXtra;short-fibers.
Cyclone exhausts ‘are directed to a gas-cleaning device. |

| Asbestos fibers are separated into numerous standard grades and
cleansed further in the grading circuit. Standard grading machines affect
»add1t1ona1 open1ng of fibers and fac111tate shorter fiber removal. Air
aspiration from vibrating screens separates additional fine dust, fine rock
fragments, and unopened fibers. Cyclone collectors are exhausted through
fabric f11ters to control asbestos- conta1n1ng dusts. Asbestos fibers are
machine packaged either by compressing the material into a dense bundle or
'by blowing this material into bags. ' '

_ The Coalinga deposit of asbhestos ore in Ca11fornla presents an |
exception to the above practices 1in that no primary crushing is carr1ed out
' pr1or to ore drying. Furthermore, a wet process is employed for milling.
~An ore- -water mixture is carr1ed through a propr1etary grinding and
,separatlng process to mill the asbestos almost entirely into fibrils. A
"subsequent dewater1ng operation produces cylindrical pellets of asbestos
fibers, which measure . approx1mate1y 1.0 cm (3/8 in.) in diameter and as
much as 1.9 cm (3/4 in.) in length. - The pellets are formed - and
subsequently dried without a binder. Some of the asbestos is marketed in
~pellet form to end users. If a completely opened form of asbestos is
needed for a manufacturing process, the dry pellets can be ground either at
“the mill or by the end user. | i

 Potential emission sources from asbestos m1111ng operat1ons 1nc]ude
the following:

. M1ne ore dumplng onto wet-ore stockp11es or ‘into rece1v1ng
ﬁhoppers : .
e Stockp11e surfaces that have become dry and are subJect to wind
‘ erosion ' v
‘e Belt convey1ng of asbestos ore, fibers, and asbestos-containing
tailings T :

e ~;Convey or system transfer po1nts
'.';_ Feed and d1scharge ports of crushers

. Ore dryers
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. Dry ore stofage

e Grading_screens
. _Bagging‘of asbestos
. 7Ta111ngs p11es

In the absence of. contro]s ~emissions fromvmi111ng would be an
estimated 2.35 million kg/yr (5.22 million 1b/yr).
3.2.3 Asbestos Papef'Manufacturigg' : . , v

Chrysotile is the predominant form of asbestos used in asbestos
papermaking, but various binders and fillers may be added to produce
desired properties. The process for making asbestos paper is similar to
that for making wood fiber paper and board. The description below is
_der1ved from a study of the U.S. asbestos paper market.39

Asbestos goes into a pu]per or beater anddiS'screened and cleaned to

achieve required properties. The sTurry'is reQu]ated to a consistency of
©:1/2 to 1 percent solids, and fillers, binders, and other modifiers are
- added. A sheet is formed on either a Fourdr1n1er or cy]1nder machine and
- dewatered to approx1mate1y 20 percent by. pass1ng over suction boxes. The
Fourdrinier machine uses a traveling screen for sheet formation and is
suited for both high- and low-speed operations, making it preferable for

- production of lighter grades or for a variety of grades on a single

. machine. - The cy11nder type uses a rotating vacuum roll for sheet format1on
and is operated at lower speeds, making it suitable for produc1ng heavier
board grades. Solids content is increased to 35 to 40 percent by
mechanical and vacuum dewatering on press rolls. F1na11y, the sheet is
dried on dryers such as steam-heated cans or air_dryers to give a solids
content of 90 percent or more. | '_

Various f1n1sh1ng operat1ons may be performed at the paper-
manufactur1ng site, or the paper may be transported and finished at other
f*company-owned s1tes to reduce transportat1on costs. The paper product may
. be sold unfinished on the open market. Dependihg on the product, finishing
. steps include saturation with aspha]t, tar, and resins; viny]l coating;

~ cutting; and laminating.

Potential emission sources include storing and warehous1ng the bags of
’ asbestos opening the bags and dumping the fibers into the pu]per or
beater, mixing ingredients (although not likely due to the wet conditions),
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“and s]1tt1ng the f1n1shed stock. Emissions from sheet formation and
subsequent dewater1ng are un11ke1y because of the wet state of the product
and the presence of binders that hold the fibers in the product matrix.
F1n1sh1ng operat1ons such as saturat1ng with asphalt and tar, are not
likely to produce asbestos emissions. Little asbestos waste is created by
asbestos paper production. However, when wet waste is not removed from
‘f1oors or equipment, it may dry out and, 1frd1sturbed,,re1ea§e fibers.
Emissions from uncontrolled paper manufacturing are estimated to be 24,000

kg/yr (53,300 1b/yr). o |
3.2.4 -Asbestos Friction Materials Manufacturing

The genera] formu]at1on of asbestos friction materials - 1s

o Asbestqs 50 to 80 percent
e  Binder: 16 to 45 percent
e Fr1ct1on mod1f1ers 5 percent-60

Brake linings and clutch fac1ngs ‘may - be manufactured by e1ther a
"molded or woven process.. The molded process is further character1zed by

- the "dry-mix" and "wet-m1x" processes The follow1ng descr1pt1ons are from

“an EPA study 61

Manufactur1ng steps typically used in "dry -mix" molded brake 11n1ng
manufacture begin with weighing and mixing in a two-stage mixer the bonding
~agents, ‘metallic constituents, asbestos fibers, and add1t1ves The mix is
then hand-tamped into a metal mold, which is placed in a preforming press
~ that partially cures the molded asbestos sheet.. The asbestos sheet is
~ taken from the preform1ng press and put in a steam-preheating mold to
soften the resin in the molded sheet. The molded sheet is formed to the
~ proper arc by a steam-heated arc former, which resets the resin. The arc-
formed sheets are then cut to proper size. The lining is baked in
compress1on molds to reta1n the arc shape and convert the resin to a
thermoset or permanent condition; then it is finished, inspected, and
packaged. Finishing steps 1nc1ude sand1ng and grinding. of both sides to

‘correct thickness, edge grinding, and dr1111ng holes for rivets. "Following

drilling, the lining 1s,vacuum-c]eaned inspected, branded, and packaged.
 “Wet-mix" process is a misnomer because the molded lining ingredients,

are relatively dry. The designation "wet-mix" arises from solvent use in

production. T | R R |
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After the ingredients are weighed, they are combined in a sigma blade
mixer and then sent to grinding screens where the mixture's particle size
is corrected. The mixture is conveyed to a hopper where it is,forced into
the nip of two form rollers that compress the mixture into aucontinuous
strip of‘friction_materiais. The strip is cut into proper lengths and arc-
formed on a round press bar,'eacn operation'by_separate units. The']inings
are then placed in racks and either air dried or oven dried to remove the
_soivent, An a]ternative is to place the arc-formed linings in metal molds
for oven baking. From the ovens, the linings are‘finiShed; inspected, and
packaged. g ' ‘ IR
Molded clutch facings are produced in a manner similar to the wet-
-mixed process. The rubber friction compound, solvent,. and asbestos fibers
are placed in a mixer_churn, and the mixture is conveyed to a sheeter mill
that forms a sheet or slab of the materials. The sheet is then diced by a
rotary cutter into small pieces, which are placed in an extrusion machine
. that forms sheets of the diced material. The sheets are cut-into proper
size and punch- pressed into doughnut-shaped sheets; scraps are returned to
~the extrusion machine. The punched sheets are placed on racks and sent to
a drying oven and then to a. baking 0ven_for final curing and solvent
.1evaporation The oven-dried sheets are sent to the finishing operations.

. Woven clutch facings and brake. 1inings are manufactured of high-
;,strength asbestos fabric frequently reinforced with wire. The fabric is
predried in an oven or by an autoclave to prepare it for impregnation with
resin. The fabric can be impregnated with resin by several techniques:

«  Immersion in a bath of resin
. Introducing the binder into an autoclave under pressure
¢ Introducing dry impregnating material into carded fiber before

produCing yarn v
. Imparting binder into the fabric from theksurface of a ro]].

- After the solvents are>evaporated from the fabric, the fabric is made
“into brake linings or clutch facings. Brake linings are made by -
*"calendering or hot pressing the fabric in molds. The linings are then cut,
rough-ground, placed in molds, and placed in a baking oven for final
curing. .Foliowing curing, the lining is finished, inspected, and packaged.
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}, In the manufacture'of wgven clutch facings, the treated fabric is cut -

1nto tape-w1dth str1ps by a s]1tt1ng mach1ne The strips are wound around
a mandrel to form a roll of the fabric. The roll is pressed in a steam-

- heated press and then baked in an oven to cure the resin in the clutch

: fac1ng Fo]low1ng the curing, the clutch fac1ng is finished, inspected,

7 and packaged ’ , '

The friction products industry is a mature one with on]y marginal

B changes occurr1ng in the product1on processes over the years; older plants
are labor intensive as opposed to capital intensive. 62. ' -

| Potential sources of asbestos emissions in friction materials
manufacture.1nc1ude the unloading and warehousing of pelletized bags,
'ﬂweighihg, bag openihg, charging of mixers, bTending.of ingredients,
discharging of mixers, forming or ro]]ihg;‘curing, and finishing
'operat1ons Finishing operattons generate large quant1t1es of asbestos-

conta1n1ng dust .63 v
Em1ss1ons from these sources are collected using local exhaust

ventilation and exhausted to fabric filters or wet co]]ectors Disposal or

waste dust from cp]]ect1on devices is another potential emission source.
wastewaters from wet collectors are held in settling ponds. From these
ponds, settled material occas1ona1ly is dredged, which when dry presents
another potent1a1 emission source. Emissions from uncontrolled friction
| products manufactur1ng would be an est1mated 2. 63 million kg/yr (5.84
million lb/yr) N ‘ o ’ o
3.2.5 Asbestos Cement Products Manufactur1ng ' :

In the United States, A/C products are made from varying amounts of
asbestos, cement,'andvs111ca., On a weight basis, A/C pipe normally
~ contains from 15 to 25'perceht asbestos, 42 to 53 pereent Portland cement,
“and 34 to 40 percent finely ground silica.64 The A/C products may have an
“asbestos content range of 10 to 70 percent, but such extremes are used for
~ specialty items only.65 Chrysotile is the principal type of asbestos used
in A/C pipe. ~In 1980, 83,1 percent of asbestos used in A/C pipe was
chrysotile, 16. 8 percent was crocidolite, “and 0 1 percent was. amosite
~ (cummingtonite- gruner1te asbestos).66 - up to 6 percent of finely ground
solids from damaged pipe also are used by some plants as fill material.67

The average asbestos content of -A/C pipe, by weight, has been calculated at

about. 18 percent. An average asbestos content. of 25 percent has been
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reported,68,while’another report stated that asbestoskcontent fs normally
below 20'percent.69 Grades of asbestos fiber commonly used for A/C pipe
are 4 and 5.70 | S , o o '
7 Nearly all asbestos currently used in A/C sheet is'chrysoti]e;-a small
amount of amosite and anthophyllite asbestos is used also. A/C sheetS-
contain 12 to 35 percent asbestos, 45 to 54 percent cement, and 30 to 40
_ percent silica.’l Grades 4, 5, and 6 commonly are used in A/C sheet.’2
Manufacturing processes foriA/C pipe and sheet may vary slightly from
~plant to plant, but the overall processes are the same. In general, the
method used to make A/C pipe and A/C sheet is similar to methods used to
make asbestos paper and asbestos millboard. Also, A/C processes can be
wet, dry, molded, or extruded. ot | o
The following description of the basic process for pipe manufa¢ture is
reproduced here from an EPA document.’3 ~
After thorough b]ending of the raw materials, the mixture is .
transferred to a wet mixer or beater. Underflow solids and water from
the save-all are added to form a slurry containing about 97 percent
water. After thorough mixing, the slurry is pumped to the cylinder
vats for deposition onto one or more horizontal screen cylinders. The
Circumferential surface of each cylinder is a fine wire mesh screen
that allows water to be removed from the underside of the slurry layer
picked up by the cylinder. The resuiting layer of asbestos-cement -
material is usually from 0.5 to 2.5 millimeters (0.02 to 0.10 inch) in
thickness. The layer from each cylinder is transferred to an endless
felt conveyor to build up a single mat for further processing. A
vacuum box removes additional water from the mat prior to its transfer
to mandrel or accumulator roll. This winds the mat into sheet or pipe
stock of the desired thickness. Pressure rollers bond the mat to the
stock already deposited on the mandrel or roll and remove excess
water. Pipe sections are removed from the mandrel, air cured, steam
cured in an autoclave, and then machined on each end.
A]though the geheral description may apply td all A/C processes, ‘
differences often exist in methods of fiber opening, raw material mixing,
© and product forming. For example, raw materials usually are blended dry
“after fiber opening in a willow or a similar device. However, fiber
= opening and.b1ending of"raw'matehials can be achieved using wet methods.
_' A/C sheet is manufactured using either a dry process, a wet process,
“or a wet mechanical process. In the dry process, raw materials are dry
mixed, and the mixture is spread even1y over a moving belt, sprayed with
water, and compressed by rolls to the required thickness. The moving sheet

- is cut to desired sizes and shapes and is autoclaved. The dry process is
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genera]]y used for sh1ng1e and s1d1ng products. - Flat or corrugated sheets
are produced. 1n the wet process by introducing the A/C slurry into a mold
and hydraulic press The slurry is squeezed to remove water from the mold.
"The sheet is ejected from the mold and cured as in other A/C products. The

- wet mechan1ca1 process is similar to the process for making A/C pipe,

except the A/C material on' the accumu]ator roll is slit across the roll to
: produce a sheet.

Mo]dlng processes are used to make sma]l ‘irregularly shaped A/C
products. This process and the extrusion process are limited to specialty
products ' . .

Asbestos emission sources and their number are determined by process
design. Both wet-mix and dry-mix: processes share common emission sources
of asbestos fiber: unloadlng and storage of asbestos fibers, bag opening
and dumping, fiber opening, weighing, transferring, b]end1ng of raw
materials, dust collection, solid waste, “and wastewater disposal.

Unloading asbestos involves use of forklifts: to remove pallets of bags
containing asbestos from railcars or trucks. Asbestos pa]]ets are usually |
‘un1t1zed (i.e., wrapped in plastic to help prevent damage to bags during
transport) Mixing is.an add1t1ona1 emission source in processes that use
‘dry mtxing -This emtsswon source is absent in processes that wet mix raw
mater1als ‘In_addition, wet-mix processes open fibers and blend raw
materials in a s]urry, thus e11m1nat1ng two emission sources common to dry
m1x1ng _ . ,

Disposal of asbestos fibers removed by 1oca1 exhaust ventilation and
filtering devices and not rec1rcu1ated into the production process may be
“an emission source depending upon precaut1ons taken in containing fibers

' during transportation and at the d1sposa1 site. Disposal'of A/C solids

' dredged from process wastewater settling ponds is also a potent1a1 asbestos
emission source. v

F1n1sh1ng operat1ons also produce emissions. However it has been
‘reported that 90 percent of the fibers with aerodynam1c diameters less than
7 pm produced by cuttlng grinding, buff1ng, and other finishing steps
d1ffer from pure ‘asbestos fibers.”’4 In the absence of any controls,
emissions from the manufacure of A/C pipe and A/C sheet would be 257, 000

~and 217, 000 kg/yr (571,100 and 482,200 1b/yr), respecttve1_y
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3 2 6 Vinyl Asbestos Floor Tile Manufactur1ng
Information presented here on manufacturing V/A f]oor tile is from a

manufacturer s product bulletin. 75
Grade 7 chrysotile is used in the manufacture of V/A floor tlle

Formulations are:
"+ Asbestos: 5 to 20 percent .

¢  Binder: 15 to 20 percent

e Limestone: 53 to 73 percent 
e Plasticizer: 5 percent
C e 'Stab111zer 2 percent.

Asbestos is received in po]yethy]ene film bags which can be
introduced unopened into a Banbury or Baker Perkins- type mixer.  The other
ingredients are added at this step, and mixing proceéds at about 150° C
. (300° F) until a coherent mass is obtained. The hot material is
_transferred to a two-roll mill where the two heated, horizontal, rotating
steel cylinders mix the material further and blanket it out to desired |
thickness, usually 2.5 to 5 cm (1 to 2 in.). Chips of contrasting colors

_can be added at the end of the milling operatlon to create a marbleized or'

- veined pattern as the slab is ‘processed further. The s]ab is passed

f-uvthrough a series of calender rol]s to br1ng it to the des1red f1n1shed

- product thickness. ‘ _
After 1eav1ng the ca]enders the hot material is partia11y cooled by
~ water spray and a wax solution is app]ieda. Further cooling by air is |
necessary before dye cutting to minimize shrinkage after cutting.
Embossing is done before cutting when the material is soft enough to take
~ the pattern. ' Scrap and'rejeCted tile are reworked and returned to the -
. mixer for recovery. o -
. Fiber receiving and storing, openlng bags dumping the'fibers into the
- mixer, mixing, and chopping waste for recycling represent potential
- emission sources in V/A'fléor tile production. The potential for fiber
. release ‘is reduced Substantia11y once the ingredients have been worked into
“a hot, homogenized plastic mass. Emissions from uncontroT]ed,V/A tile
“would be an estimated 25,000 kg/yr (55,500 1b/yr). ’
3.2.7 Asbestos-Reinforced Plastics Manufacturing
Chrysotile, primarily the Group 7 fibers, is used in the manufacture
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of asbestos- re1nforced plastics. Although manufacture of asbestos-
 reinforced plastics varies, the following. description, summarized from a
11976 report 76 is common to most producers of abestos-reinforced plastics.

In the fiber- open1ng stage bags of asbestos are normally opened
manua]]y, -and the contents are dumped into a storage hopper and
subsequently conveyed to the dry b]ending stage. Alternatively, asbestos
may be dumped directly into the blending stage without intermediate storage
or handling. Dur1ng b]end1ng, dry. asbestos, catalysts, and additives are
mixed. From th1s step, the mixture is formed into a resin either by heat
and extrusion or by 1nterna1 shearing fr1ct10ns in a Banbury mixer. The
’product of these "preforming" steps is a pellet, powder, or some similar
"preform,” wh1ch is either packaged and so]d as an 1ntermed1ate product or
conveyed directly to a forming process. : ,

- Forming may include a var1ety of processes: rolling, stamping,
press1ng, or mo1d1ng, depend1ng on the product desired. Following this
process, the product is cured, thus allowing thermosetting reactions to
take p]ace Finally, the rough product is sent to a finishing operation,
~ which may 1nvolve sanding, gr1nd1ng po1tsh1ng, drilling, and sawing. - The
-degree of finishing js dictated by the end-product use.
| Product scrap is.not recovered for reuse because of the cost of
recovering the. f1bers once the resins have set up. Scrap is’ 1andf111ed
baghouse waste may be recovered as filler. 7

Potent1a1 emission sources include the opening and emptying of bags of
asbestos; the emptied bags, which are not suitable to incorporate into the
mixture; the dry b]end1ng of 1ngred1ents and resin formation. During
'form1ng and cur1ng, the potent1a1 for emissions, although still present, is
’somewhatrreduced Other potential emission sources include finishing of
: the cured products, waste disposal, housekeeping, and baghouse exhausts.

- Asbestos emissions from uncontr011ed plastics production would be an
estimated 162,000 kg/yr (360,000 1b/yr).

3.2.8 Asbestos Coatings and Sealants Manufactur1ng

_ Asbestos coatings and sealants usua11y use 10 to 12 percent asbestos
One of the two types of coat1ngs is made from asphalt cut back with
kerosene or mineral spirits, and the other is made with an asphalt emulsion

and water 78 Because of the variety of products and the number of -
producers, formulations are unlimited. MaJor components are:’9
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. Cutback products:

| ‘—-b Cutback asphalt: 30 to 80 percent
-- Asbestos: 10 to 15 percent
--'aLimestone and slate flour: 15 to 30 percent
-- Dfspersant: 1 percent

. Emulsion products | 7, ‘ :
-- Emulsion asphalt: '55 to 80 percent
-- Asbestos: 10 to 15 percent
-- Limestone: 5 to 15 percent '
-- 'D1spersant 1 pebcent |

The following is a deta11ed descr1pt1on of the process used in prepar1ng
coatings and sealants.80 ' , B

R Asbestos pallets are moved to a stag1ng area and weighed. Thevbags

are slit manually and dumped either into a hopper or directly into a

f]uff1ng machine. This machine breaks down the compressed fibers to an

~ open, free condition to enable d1spers1on and encapsu]at1on dur1ng aspha]t

~ mixing. o '

_ ‘Cutting the bags and dumping the free .asbestos result in fiber

i release.  Fiber can become airborne or can fall to the floor, causing

" house- c]ean1ng prob]ems and contr1but1ng ‘to the overa]1 background level of

asbestos exposure ‘ '

Empty bags containing residual asbestos create a d1sposa1 prob]em in
the operation. Because several bags may be emptied at once, a waste
receiver is often made available for direct disposal. Where the bags are
laid on the floor or otherwise remain loose until fiber introduction is
completed, free asbestos creates a housekeeping'problem in the work area.
Several thousand empt1ed asbhestos bags are d1sposed of by a s1ng]e coating
~ manufacturer in a year's time. '

, Typically, fluffed asbestos fiber is transferred ‘to hoppers or
direct]y to a batch-m1x1ng tank. Fiber transfer may be pneumatic,
mechanicé]1(ConVeyors),«or manual. Pneumatic transfer systems -are enclosed
and use fabric filters for exhaust air; conveyors generally are enclosed.
,Manua] transfer may be employed for small operat1ons or for spec1a11zed
low-volume requ1rements

3-29




, Fluffed fiber and other dry materials are brought into contact with
asphalt (and solvents, as required) in a batch tank and mixed until an even
dispersion is achieved. The batch-m1x1ng tanks norma]]y are enclosed to

prevent’fiber dispersion. After a short mixing time, the asbestos fiber is

~ bound in the aspha]t Upon completion of mixing, the asbestos is
'consxdered completely encapsu]ated in-the asphalt with little chance for
fiber dust exposure When the batch is finished, the material is pumped to
the packag1ng (conta1ner1z1ng) operation..

The predominant packaging for coatings is 19 L (5 gal) pa1]s w1th
sealed 1ids. Special orders are somet1mes filled using drum conta1ners
Bulk sh1pments as in tank cars are infrequent.

Asbestos. emissions may occur during unloading and storage of asbestos-
containing bags bag opening and dumping fibers; bag disposal; fiber
‘opening; manual or mechanical conveying of fluffed f1bers to either hoppers
or a batch- m1x1ng tank; and final transfer of fibers into the slurry.
Pneumatic conveyors or covered mechanical conveyors eliminate emission
~sources due to transfer of asbestos fibers. V ,
| Based on observation and theoret1ca1 calculations, it is estimated
that asbestos released to the environment during manufacture of coating and
paint compounds normally will be on]y that entrained w1th air emitted from
bag filters.8] It was found ‘that no significant scrap or water eff]uents
~are produced. Dust from bag filters is the only release in which fibers
~are in free-fiber form. In other effluents from washwng,rf1oor spills, and
wastage of the,bitumaStiC'product, asbestos_fibers arerencapsulated in the
binder. In the absence of any- eontr01s asbestos emissions would be an
“estimated 31,000 kg/yr (68, 890 1b/yr) ' "

3.2.9 Asbestos Gaskets and Pack1ng Manufactur1ng

, General]y, production of asbestos gaskets begins with the manual
open1ng and dumping of bags containing asbestos into a mixing tank or a
conveyor leading to the mixer. In some cases, compressed raw asbestos is

dumped'into a fluffer for fiber opening before the mixing step. Fillers

" and bonding materials also are added to the mixer and blended. Mixing may
“be in a dry or wet state, according to product requirements, and multip]e
. product1on lines may be employed. The formulation from the mixer is
calender-rolled into sheeting, which may be packaged and sold to secondary
- manufacturers (such as gasket cutters) for further processing. Sheeting
“-also could be sold to distributors serving the maintenance market.
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Asbestos-based pack1ng can be manufactured by a number of processes;
the most common being impregnation of dry yarn with 1ubr1cants that coat
the fibers. These yarns are braided into-a continuous length of packing

~and then are calendered to specific sizes and cross- -sectional shapes ‘The
sized braid may be coiled, boxed, and sold to the maintenance trade, or it
may be cut and die-formed to the manufacturer’ s spec1f1cat1ons. A _
variation of braided packing can be produced by first extruding a mixture
of asbestos fiber, binder, and lubricants, and then _braiding ]ubricatved
asbestos yarns over the extrusion. :

The primary potent1a1 emission sources are bag opening, dump1ng of
asbestos, and the mixing step. Receiving and warehous1ng of raw fibers,
disposal of empt1ed bags and product scrap, and braiding and tw1st1ng of
treated asbestos yarn also can be considered potential emission sources.
Asbestos emissions from the uncontolled manufacture of asbestos gaskets and
packing would be an estimated 12,000 kg/yr (26,670 1b/yr).

3.2.10 Asbestos Textile Manufactur1ng , , ,

Asbestos textiles are manufactured from chrysoti1e asbestos, primarily
of the long, Group 3 fibers. The product is typically composed of>75,t§
100 percent asbestos, and organic fibers comprise 0 to 25 percent of the
product.82 Textiles also may: be reinforced with wire or synthetic yarns,

" depending upon end use.

A majority of asbestos textile production is by convent10na1 process,
while 5 to 10 percent of U.S. asbestos textile production is by wet ‘
extrusion. The convent1ona] process can be subdivided into dry-woven and
damp processes, the,d1fference being the application”of moisture to the
~yarn by contact with a wet roller or a mist spray. Unless nOted,othefwise,
the following descriptions of conventional and wet processes were adapted
~from Daly.83 , | ‘

_'In the conventional process, raw asbestos and other -ingredients are

i Weighed and dumped into several blending machines that operate continuous]y
| to‘mixvthe_formu]ation'componehts gently. Mixing takes place as the '
‘ asbestos siowly moves toward the rear of the machine; is drawn up an
incline, and tumbles to the bottom. Part of the mix is carried over the
~incline and falls into a hopper. The rear of the blending machine is
enclosed and hooded to minimize fiber evolution. As the hoppers are f111ed
with the blended fibers, the fibers are transferred to the card1ng mach1nes'
or may be conveyed pneumatically to the carding machines.
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The cardihg operation combs the fiber mix into a parallel (oriented)
fiber mat, which is pressed mechanically and layered into a lap. At the
f1n1sh1ng card, the lap is separated into thin, continuous str1ps of fiber
known as roving. = At this point, cotton, rayon, or other mater1als may. be
added to the roving to impart strength and other characteristics. The lap,
matting, or rov1ng may be packaged and sold to secondary 1ndustr1es
Otherwise, the roving proceeds to the sp1nn1ng operations.

‘The rov1ng is spun and then twisted to add strength “In the damp
process, the roving is moistened via wet rollers before spinning. This
dampening process is employed to reduce fibrous dust during subsequent
processing. ~In some cases, for better product qua11ty,_the roving is not
wetted. ' : R |
: Spun roving, known ‘as single yarn, can be twisted w1th other single.

- yarn or other material to produce plied yarns or twines. Plied yarns can
be coated to produce thread or treated yarns, or woven to produce tapes,
','cloth; or ‘woven tubing. It also can be braided to produce cord, rope, or
braided tubing. Spun yarn can be ‘processed without twisting to produce
“woven, braided, and otherw1se treated products.

At the weaving operations, the yarn is first put on a beam or creel,
‘which handles a large number of strands to feed a loom. A damp or dry loom
can be used to create cloths of different characteristics. -

‘ The wet process differs from the conventional processes in that raw
asbestos is dumped directly into a slurrying tank with water and chem1ca1s
The resulting s]urry 1s extruded directly into strands These strands
proceed to the sp1nn1ng and subsequent operations similar to conventional
processing. The wet process thus avoids the b]end1ng and card1ng
operations, which generate substant1a1 amounts of asbestos dust in the
_ convent1ona1 process. - Wet- processed textiles possess different _

- characteristics than doconventionally woven products; therefore, secondary
"manufacturers must adapt production techniques to compensate for altered
processab111ty ‘and final product character1st1cs

Fiber release may occur during asbhestos receiving and storage as a
result of damaged bags. In the conventional text11e.process, the greatest
potential for fiber release genera11y'is associated with bag opening and
dumping (commonly done manually), blending, transporting blended fibers,
and card1ng The high-speed working of yarn in spinning, twisting, and
" weaving also will release asbestos fibers. - Inspection and shipping areas
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also may be considered potential emission sources; however, potentia] is
normally low at this stage of the process.

In the wet process, the potent1a] for flber re]ease is greatly
decreased because blending and card1ng operat1ons have been eliminated.
However, bag opening and dumping may release asbestos fibers. ~Spinning,
twisting, weaving, and braiding in the wet processes release fewer fibers
than do the same operations in the conventional process.84 Asbestos
emissions from uncontrolled textile manufacturing would be an estimated

119,000 kg/yr (42,200 1b/yr).. | D R

3.2.11 Chlorine Manufacturing

A special grade of asbestos is used as a d1aphragm in the perco]at1ng

diaphragm method of chlorine production via brine e]ectro]ys1s In the
“electrolytic process, cathode surfaces generally are lined with a layer of

asbestos, either in the form of paper or as vacuum-deposited fibers. The .

“asbestos diaphragm maintains the caustic strength and minimizes the

.diffusional migration of hydroxyl ions. All diéphragms gradhally clog with
:resian] impurities not removed from the brine and with graphite particles ‘

that break from the anode. The diaphragms therefore are renewed at regu]ari

vintervaTS,}some lasting as long as 6 to 15 months. Depehding'on the number

s

of'cells per plant, only a few cells are renewed each week; 1 plant with 86
operating cells renewed an average of 3 cells per week.85 Asbestos paper

.sheets were used extensively in diaphragm cells through the 1930s and 1940s

but have been replaced by almost a]l commerc1a1 diaphragm cells with an
asbestos slurry.86

The s]urry, made by m1x1ng approx1mate1y 59 kg (130 1b) of ‘asbestos
fibers with water, is vacuum- depos1ted through a perforated plate onto the
cathode pole. HAPP (Hooker asbestos plus polymer) d1aphragms are basically
the same but contain a fluoropolymer resin to help diaphragm‘bonding'while‘f
reducing voltage load. Use of paper sheets as diaphragms has diminished
because the vo]tage load is significantly higher'for paper,. as opposed to

_the vacuum- depos1ted d1aphragm A long-fiber, high -quality paper is still

v.be1ng produced and is ava11ab1e to customers ‘who operate aged electrolytic

equipment. as well as the newer processes "It has been suggested that the
asbestos paper can be blended with water to form a slurry and vacuum-
deposited onto the cathode, thereby eliminating the potential hazard
associated with handling bags of asbestos fibers.87 |
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The potential for asbestos emissions is greatest for bag opening,

~+ ~dumping into the mixer, cell removal, and waste disposal. Data were not

'ava11ab1e to est1mate asbestos em1551ons from the product1on of ch]or1ne

3.2.12 Shotgun She]] Manufacturing
~Asbestos is m1xed w1th wood f]our and wax and pressed into base

j wads .88 The mixture's formu]at1on by ‘weight, is: -89

e Asbestos 36 percent |
LI Wood fTour: 54,percent
. Wax: 10 percent.

- Emission sources 11ke1y in the manufacture of asbestos- -containing
shotgun she]]s include receiving and warehous1ng of asbestos opening and
dumping of asbestos, m1x1ng, wad press1ng,, and subsequent handling and
" processing. Baghouse operat1ons including exhausts -are sources of fiber
release into the env1ronment 90 Data were not available for est1mat1ng
emissions. ‘

3. 2 13- Asphalt Concrete Batchlng : _ »
~In the manufactur1ng process, bags’of asbestos are opened manually and

| dumped into a conveyor system or are introduced opened into the mixer. The
asbestos is mixed first with dried aggregate, “after which hot 11qu1d
asphalt is added to the asbestos- conta1n1ng aggregate and thoroughly
mixed.9! '

Emissions can occur dur1ng manua1 .bag open1ng, empty1ng of asbestos
into the conveyor hopper, and dry mixing. Empty bags, if not incorporated
into the m1xture or properly contained, can be points of fiber release.
Considering that only. neg1lg1b1e amounts of asbestos currently are used,
emissions are probab]y small. Data were not available for est1mat1ng
emissions from asphalt concrete p]ants
3.2, 14 Asbestos_ Product Fabrication
In general, operations 1nvo1ved in secondary fabr1cat1on are similar

torfinishing operat1ons of - the primary manufactur1ng segments 7 They may
use such operations as grinding, sawing, sanding, punching, pressing, or
slitting, depending on the fabricated product des1red

Secondary fabrwcators rece1ve their asbestos products from the pr1mary

1ndustry in a bound form and do not have the problem of hand11ng raw
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asbestos fibers.92 Some asbestos-containing dust may be released during
the receiving of these products due to fesidua]_dust—on»the product or
through breakage or abrasion during’transport.93 The .important emission
sources include fabrication operations, such as grinding, drilling,
sanding, sawing, rout1ng, cutting, slitting, and others that destroy the -
integrity of ‘the product. 94 For those fabr1cat1on sources covered by the

- current NESHAP (cement bu1]d1ng products, friction product fabrication, and

~certain cement or silicate boards), emiSS1ons in the absence of contro]s
“would be an estimated 304,000 kg/yr (675,560 1b/yr).

3.2.15 -Construction Industry

The construct1on industry consumes approx1mate1y 75 to 80 percent of
all asbestos products. Except for A/C sheet flooring felts, and textiles.
shared by secondary industries, these products are sold d1rect1y to

/

- construction contractors either by the manufacturers or through

distributors. Products are used in the following eonstructiqnxtypesf
'« Pprivate single-unit residences | |
. Private multiunit residences and'nonthSekeepingunite
e -Residential additions and e1terations,}, -
s  Private nonresidential bUi]dings
. Educational and religious faci]ities'
. Hospitals and instftutions )
»  Farm nonresidential bui]dings
. Telephone~and,te1egraph faeilities
. Water facilities |
. Sewer works
. E]ectric'and,dther public utilities
. Public housing - |
. Miscellaneous public}constrUCtien, ihc]uding military facilities.

In addition to erection and installation activities, maintenance and

- repair activities may require removal of asbestos products. Demolition

activities may also involve removal or destruction of asbestos-containing

materials.
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~Construction contractors have been called on to encapsulate sprayed -on
~ asbestos materials in lieu of. removing friable asbestos mater1a]s from
public bui1dings Although this act1v1ty neither uses nor removes asbestos
materials, 1t 1nvo]ves potent1a1 asbestos emissions. The number and types
of contractors called on to perform this activity are not known, part1a]]y
because measures to correct asbestos fiber fallout in pub11c buildings have
"not yet been addressed by Federal -and State Governments.

~The process or operat1ona] descriptions for construction, renovat1on
_and ‘demolition activities are described in the following paragraphs.

A]though A/C pipes are manufactured in standard s1zes and in half and
‘quarter lengths with proper. coup11ngs pipes occasionally must be cut to
Jength and machined to fit coupings. - Pipes that are machined all over by
~ the manufacturer do not requ1re additional machining. Either special tools
'des1gned for cutting and mach1n1ng pipe or a standard power saw equipped
with an abrasive or diamond wheel is used.

An economic analysis of the occupational standard estimated that 1976
production was 27 million m (90 m1111on linear ft) of pipe, that the
“installation productton rate was 67 m (223 ft) per day for a typical crew
of three or four people; and that one 15-min cutting-machining operation is
required for each 390 m (1,300 ft) of pipe It was estimated that 9,230
cuts’ per year wou]d be made in the field on A/C pipe. 95 o _

Field cutting of A/C sheets may be required at corners and around wall

_ apertures "~ Holes must be drilled on A/C sheets for attachment purposes. |
Circular saws equipped with either an abrasive wheel or a diamond- or
carb1de t1pped blade are used for cutting, and standard portab]e drills are
“used for the holes. The same economic -analysis showed that of the 8.6
‘million m¢ (96 million ft2) of A/C sheet produced in 1976, 75 percent was

- consumed by the construction industries. It was estimated that field
fabrication was required on 5 to 30 percent of the installed sheet and that
each sheet averaged 2.88 square meters (32 square feet). Therefore, of
approximately 2 mi1lion sheets consumed by construction, only 100,000 to
600,000 sheets requ1re field cutting per year. :

The average amount of A/C sheet used per project was reported as
2,227.5 m2 (24,750 ft2). The 1976 production figure for A/C sheet was used
“to determ1ne that 2,909 prOJects using A/C sheet ‘were undertaken that year.
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1f, for each site, field fabrication is required on 5 to 30 percent of the
sheets, approximately 38 to 230 sheets need field finishing. .
Most A/C panels are ordered to specifications from the manufacturer,
minimizing the need for field fabrication. However, because the panels are
attached to frames with screws, drilling is necessafy; Standafd electric
drills are used for this purpose. Occasionally, cutting is required, “which
- is performed by using a portable c1rcu1ar saw equ1pped with an abraS1ve or
diamond cutting wheel. . ;
The 1976 figures showed that 0.3 m1]11on me (3 m1111on ft2) of A/C

o panel was. produced and that the daily Jnsta11at1on rate was approximately

"%+approx1mate1y 6,500 holes had to be drilled. Therefore for each s1te 22

% each installation depend upon the size of the roof and the des1red size of
 each ply. '

44.6 m2 (495 ft2) for an average crew of four people.96 Economic analysis
of the occupatwonal standard showed that approxwmate]y 753 mé (8, 365 ft2)
~of panel was needed per proaect and that 350 projects used A/C pane]s in
1976. Ana]ys1s also showed that for every 1,115 me (12, 000 ft2)
_approximately 32 cuts taking 15 min each were required and that:

“cuts and 4,500 holes were necessary (assuming a constant market demand).
The economic analysis of the occupational standardjindicated‘that
asbestos felts coated with asphalt are cut with-a knife or shears at'the
" installation site. Then the felts are p]aced‘over the foofedeck in layers
~ and roofing tar is mopped on between the 1ayers.97 In another economit
analysis, it was reported that three plies are 1ayered for bui]t-up
roofing.98  Two types of roofing installations have been described.39 One
type of buiTt-up roofing is applied by ]ayering,uncbated asbestos roofing
felts, and the second involves layering previously coated felts and,usihg
‘cold adhesives to cement the plies together. In addition'to'theirruse in
built-up roofing, asbestos felts are often used as an under]aymentrfor :
other roofing materials such as asphalt shingles. : |
Approximately 321 kmZ (200 miZ) of commercial built-up roof1ng is.
* installed annually, and the daily installation rate for a seven-man crew is
" about 216 m¢ (2,400 ft2). 100 The number of cuts and the time required for

- The quantity of annually installed roofing reported in 1976 by the
National Roofing Contractors Association (NRCA) may have changed.radlca11y,
as indicated by current production numbers.101 The 1979 production of
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roof1ng felts was 125,640 Mg (138 500 tons) 102 Because roofing felts
usually are manufactured in we1ghts of 4.3 to 6.8 kg/9 m€ (9-1/2 to 15
" 1b/100 ft2), 103 pased on an average, the felt installed in built-up roofs

’ cou]d not have exceeded 171. 6 km (66 m12).7 Because roofing felts are not

used so]e]y for built- up roofing, the amount may- still be less.
B Asbestos textile insulation materials such as c]oth and rope lagging
usually are used for e]ectr1ca1 insulation and require pu111ng the cloth or
_rope from rolls or coils and cutting it to desired 1engths The cloth and
" rope are usually cut with mechanical cutters knives, clickers, dies, or
scissors. Cloth can be torn from the roll, but this is not recommended
Materials are fitted, hammered and na11ed glued, and sewn during
 app]1cat1on ’ : '

Therma] insulation usually consists of paper and millboard, but c]oth

or woven tape may be used, Installing paper and m111board sheets for
~ thermal insulation requ1res field fabrication to fit the materials onto
'equ1pment and structures. Paper and millboard sheets must be cut to shape
and length. For p1p1ng, flues, and circular stacks paper, mi]]board
cloth, or tape is ‘wrapped around the ObJECtS in layers and can be f1xed to
the surface with wire, bands, or sheath1ng Fabric covering can also be
kapp11ed with or without coat1ng or: pa1nts ~ For furnaces, boilers,
, turbines, reactors, kettles, or other heated vessels, the asbestos
millboard is attached to the surfaces by studs, boltspdbands, expanded
mesh, or~sheet meta1;104_ Data are not-avai]abTe to estimate asbestos
emissions from construction although emissions are considered insignificant

- as a result of current use ‘characteristics.

3.2.16 * Renovation : _

3 ‘Removal of friable asbestos- conta1n1ng insulation is regulated by the
“asbestos NESHAP In addition to dislodging mater1a1 from ceilings, walls,

pipes, ducts, or other surfaces with scrapers, picks drills, saws or

other hand-held or powered tools, removal operations typically 1nclude
‘containment of the area, sufficient wetting of the asbestos material pr1or

~to stripping, and capture of emissions at the source by local exhaust

_ vent11at1on

- Sprayed-on asbestos materials were commonly used by the construction

industry from 1946 to 1973.105 In 1950, more than half of all multistory

}bu1]d1ngs constructed in the United States used some form of sprayed-on
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fireproofing, and in 1968, 37,000 Mg (40,000 tons) of fireproofing was
sprayed on or in U.S. buildings.106 In 1970, 37,000 Mg (40,000 tons) of

~ fireproofing was used again for the same purpose.107 'These'sprayedFoh”
materials containing asbestds were -used for fireproofing, therma1,and'
‘acoustical insulation, decoration, and condensation control. Fifeproofing
',accouhted for the largest amounts on structural steel comppnents of

. mu]tistory buildings. Thermal insulation was applied on turbines and in
‘reaction vessels in chemical plants and refineries, boiier breechings, and
stacks. Sprayed-on materials containing asbestos were applied for el
decorative ceilings and for noise absorption in 1arge public bu11d1ngs and
: festaurants. Walls and ce111ngs of indoor swimming pools, 1aundr1es
textile plants, and other 1ndustr1a1 buildings where condensat1on m1ght

‘ have caused corrosive damage were sprayed with asbestos conta1n1ng '
materials.108 The EPA has estimated that approximately 8,600 public
schools contain friable asbestos materials. Asbestos has been'USed as
'fthermal insulation on boilers and pipes since the early 1900s. | :
l Encapsulating with sealants has replaced removal of sprayed asbestos
‘materials from some buildings. However, the current trend is removal
~rather than encapsulation. Sealing of. sprayed asbestos surfaces involves
.-applying material that will envelop or coat the fiber matr1x and e11m1nate
';fa]1out and protect against contact damage while m1n1m1z1ng fire hazards.

., Sealants are app11ed over the surface of the mater1a1 using a1r1ess spray

equipment at Tow- -pressure settings.

Approximately 260 kmé (100 miZ) of commercial and 1ndustr1a1 roof1ng
is repaired or renovated annually requiring removal of roofing fe]ts
'conta1n1ng asbestos. With a crew of five people, the average da11y_remova]
rate is 149 m2 (1, 600 ft2) of old roofing. 109 Ninety-nine pércent of
removal is performed by manually pulling. roof1ng from the deck. When
%'1nsu1at1on is attached, the roofing is usually cut 1nto 0.6~ by 0. 6-m (2-
. by 2-ft) squares, which are thrown manually to the ground. 110
: Asbestos associated w1th drywa]] removal is conta1ned in spack11ng,

- taping, and joint compounds Although use of asbestos- conta1n1ng patching
., and joint'compounds was banned in 1977, pr1or,construct1on used such

. compounds. Therefore, it is likely that of 148.5 million m@ (1.7 billion
_ ft2) of drywall removed each year, some--the footage installed prior to
1977--may produce free-form asbestos fiber emissions when removed.lll
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Drywa]] usually is pu]]ed manually from the frame however tools such as
| axes or hammers may be required initially to break into the wall.112  The
~ wall joints are cut ‘and, if the drywall ‘had been nailed to wood studs, the
nails are ‘punched through to salvage the material. If the drywall had been
screwed onto metal, the screws are removed and the Jo1nt tape is cut.
, A common practice among floor tile installers was sanding old floor
t11e with convent1ona1 belt sanders before resurfac1ng However, in their
'1nstruct1on manuals, manufacturers warn aga1nst sanding old tile, a
~practice most contractors have discontinued. 113 The number of
1nsta11at10ns where sanding is continued is not known
v L1ke drywal] asbestos blanket {(cloth), rope, and asbestos paper and
millboard insulation on turbines, boilers, pipes, ‘and ducts is manually
“torn off surfaces or from cavitieé Aporoximately every 3 to 5 years large
-amounts of 1nsu1at1on are removed as a result of inspections and repairs
»requwred on turbines in electric power-generating -plants. 114

, Asbestos emissions from uncontro]]ed renovation would be an estimated
1 600 kg/yr (9.5 x 10'4 kg/m3 x 1,718,000), or 3, 560 1b/yr
3.2.17 Demolition . - _

: Demo]1t1on is the wrecking or taking out of any load-supporting -
' structura1 member and related act1v1t1es Demolition of structures is
performed for various reasons, including site preparat1on for new
~ construction, removal of unsafe or nuisance structures, and salvage of
materials for resale. The methods of demolition typically used are
wreck1ng by ba11 and clam, floor-by-floor dismantling, 1mplos1on and
pushing or pu111ng down by backhoe or bulldozer. Before a structure is
atually torn down by one of these methods, other related demolition
activities ‘may take place such as ripping out walls, ceilings, and pipes.
“-Demol1t1on “including related demolition activities of asbestos- conta1n1ng
structures, may “produce asbestos emissions if the asbestos were not removed
first. Friable asbestos mater1als may be found as 1nsu1at1on
fireproofing, or decorat1ve covering on pipes, ducts boilers, furnaces,
turbines, load-supporting structures, ce111ngs, and walls. Stripping and
removal of asbestos materials may involve cutt1ng, scrap1ng, ch1pp1ng, and
other dust-produc1ng act1v1t1es. In addition, asbestos emissions can
result from falling debris as the asbestos is stripped and during any
hand1ing of asbestos materials prior to containment or disposal as waste.
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In the absence of controls, asbestos emissions from demolition would be
about 170 kg/yr (9.5 x 10-4 kg/m3 x 174,000 m3), or 378 1b/yr.
3.2.18 Asbestos Waste Disposal

~ When manufactur1ng waste is transported to off-site 1andf1lls it is:
»genera11y in sealed or covered containers. In some cases, the waste site

operator may dig a trench to bury the waste 1mmed1ate1y, and in other cases
. the asbestos waste containers are deposited with other waste and covered at
~ the end of the workday. When manufacturing waste is tranéported to an on-
-site landfill, it may be in sealed containers, in- the fOrm'qf_a(sfurry, or,
for product scrap, in loose form. The waste may be covered daily, or it
may be kept wet and covered at less frequent intervals.
Renovation waste may be handled in a manner similar to manufacturing
waste if the renovation involved only act1v1t1es such as stripping friable
asbestos materials from equipment or structures. In other cases, '
renovation waste as well as demolition waste may be transported to the
Jandfill attached to equipment, pipes, or structural members that are
: removéd during the renovation or demolition operation. .'Inrthe latter case,
asbestos material is normally wetted before transport. ‘When the Toose
material is delivered to the landfill, it is dumped a]ong with other
demolition debris and covered at the end of the workday.‘
‘Some asbestos waste, especially baghouse fines, may:undergo processing
-1nto nonfriable forms, which are then ready for disposal. .Pelletizing is
< an example of such a process and involves the addition of water or water
~and cement to asbestos-containing dusts from baghouses and then rotating
the mixture in a drum to form small, nonfriable pellets. This can be an
emission source. : ' E R
In the absence of any controls,'asbestos'emissions from demolition and
renovation waste disposal would be about 4,200 and 41,800 kg/yr,
+ respectively (9,330 and 92,890 1b/yr, respectively). ’
. 3.2.19 - Asbestos Drilling Muds

Asbestos may be added .to drilling muds at the drill site or at a
central mixing plant. At the drill site, asbestos is manually dumped from
. a bag into a cone hopper from which it enters the dril]ingvmud and is
. mixed. Potential sources of emission are the dump1ng operation and the
~handling of empty bags. 'Area and personal sampling conducted at a number
of drill sites yielded asbestos concentrations well below the OSHA
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standards.115-uThese‘results'indicate that emissions to the atmosphere are
‘quite small. When central mixing plants add asbestos to drilling muds,
bags of asbestos are emptied into a hopper that is maintained under

~ negative pressure by the flow of drilling mud in an adJacent p1pe

Potential emission sources 1nc1ude the dumping operat1on and the hand11ng
of empty bags. ' ' o :

‘ D1sposa1 of spent drilling muds may, in some cases, const1tute a
potent1a1 emission source. “When well dr1111ng operat1ons cease, drilling
muds may be pumped into a truck and hauled to another drill site or back to
a central mixing plant for reprocessing. Alternatively, drilling muds may
be d1sposed of on-site. On- site disposal is usually accomp11shed by
pumping the mud to a séttling pond The water may be allowed to evaporate
~ or it may be treated and pur1f1ed after the solids have settled out.

Solids that remain in the pond may eventua]]y be covered with earth

3.2, 20 Removal and Recyc11ng of Asbestos Pavement

| ‘ Aspha1t pavement topping conta1n1ng asbestos fibers was laid in the
1960s and 1970s. After its useful Tife, the pavement may be covered with
more layers of_pav1ng, milled to provide a smooth surface for extended
life, or broken'up and discarded to make way for new paving. When milled,
the process uses a wet m1111ng machine followed by a sweeper. The wet .
debris is collected and recycled or disposed of in-a licensed: landfill.

»For removal, the pavement is wet- sawed such that large chunks can be broken '
out with a backhoe The ‘debris 1s either recyc]ed or d1scarded in a

11censed landfill. : ,

_ Emissions from removing the pavement would occur during operations
“that are performed to saw and break up the mater1a1 into slabs for removal.
‘However the sawing operat1ons are genera]]y performed with wet saws, and
“debris from the removal process 1s d1sposed of in municipal landfills. It
is un11ke1y that significant emissions exist from the removal process.
‘Milling is also performed with water-cooled equipment, and it is unlikely .
that s1gn1f1cant em1ss1ons exist from the removal process. Potential
sources of emissions from recycling include load1ng, unloading, and
conveyor operat1ons as well as grinding and sizing. Hoods and dust
collectors (scrubbers and baghouses) are generally used for these recyc11ng
operations. Mixing-is not considered an emission source because the hot
aspha]t coats the asbestos and 1nh1b1ts emissions.
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3.3 REGULATORY BASELINE

: Federa] regulat1ons governing asbestos have been estab11shed by the
EPA under four environmental statutes: the Clean Air Act (CAA), the Toxic
Substances ‘Control Act " (TSCA), the Asbestos Hazard and Emergency Response
‘Act (AHERA), and the Resource Recovery and Conservat1on Act (RCRA) These
regulations are summar1zed in Section 3.3.1. Other major Federal |
*regu]at1ons are 1mp1emented by the Occupational: Safety and Health
Administration (OSHA) and the U.S. Department of Transportation (DOT).
‘These regulations are described in Section 3.3.2. In addition, many States
“have general or asbestos-specific regu1atiens that supplement or are more
stringent than current Federal regulations. A summary of the regulatory
~analysis. conducted to determine which States and regu]at1ons already
require the regulatory alternatives under cons1derat1on is included in
Section 3.3.3. The full regu]atory analysis is included in Appendix E.
'3.3.1. EPA Regulations A o SR o
'3.3.1.1 CAA Requlations. The current NESHAP (40.CFR 61, Subpart M)
“requires asbestos mills, 11 types of mandfacturing operations, and 3 types
of fabricating operations to either discharge no visible emissions or meet
equiphent_specifitatidns for air cleaning equipment (i.e., baghouses) . -
“Owners or operators'of these facilities must monitor and inspect contro]
“devices, maintain records of the results, and submit quarterly reports to
+EPA if visible emissions occur. High-efficiency particulate air (HEPA)
filters or Wet‘c011ect9rs can be used as alternatives to fabric filter

systems _
For all demolition and for renovat1on operations 1nv01v1ng more than
78 m- (260 ft linear) of asbestos on pipes, or 14.4 A (160 ft2) of
asbestos on other fac111ty components the NESHAP requires a 10-day advance
notification to EPA. Work practices involving the the wetting, removal,

“ and handling of friable asbestos (overseen by a trained superv1sor) are -
“required for jobs meeting this threshold level. Wetting is not required
“~during freezing weather (a];hough temperature readings must be made and
i’recorded)”or if, during a renovation;~wetting would unavoidably damage
**equipment. ‘In the latter case, local exhaust ventilation equipment. must be
" used. The work practice and equipment control requirements do not apply to
demolition and renovation operations‘under the size threshold. |
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No visible emissions are al]owed during the co11ect1on, processing,
packag1ng, transport1ng, or depos1t1on of asbestos waste. Alternatively,
dust and tailings from. mills can be mixed with a wetting agent and
~asbestos waste from other types. of facilities can be mixed with water (a

-s]urry is requ1red for control device waste) and sealed in leak- tight -
conta1ners or processed into- nonfriable pellets or other forms. No v1s1b]e
emissions are allowed from m1x1ng,,wett1ng, and pellet1z1ng operat1ons Orp
air cleaning methods must be used. Provisions also are included in the
- 'NESHAP for container 1abe11ng, mark1ng of transport veh1c]es and waste.

- sh1pment records and reports ‘ '
© At active disposal sites, theilandfill»operator must'inspect waste
sh1pments and. maintain d1sposa1 records. . At inactive sites, the preSence
and location of the asbestos waste must be recorded on the property deed.
The operator also must notify EPA before d1sturb1ng any area where asbestos
has been buried. The owner or operator of an active or inactive site must
meet a no visible emissions 1imit, use dust suppression agents, or comply
with cover requ1rements (i.e. 15.2 cm [6 in.]) of compacted nonasbestos
material at the end of each operat1ng day or at least once every 24 hours v
at active. sites; 15 cm [6 in.] of compacted nonasbestos ‘material and a
vegetated cover or 60 cm [2 ft] of compacted nonasbestos mater1a1 at
inactive. s1tes) Warning signs and fences also are required at active and
inactive d1sposa] sites.

The NESHAP also requires that mater1a] spray- applled on bu1]d1ngs
structures, pipes, and conduits contain no more than 1 percent asbestos
‘,No visible emissions are a]]owed from spraying equ1pment and machinery, or

air c]ean1ng requirements must be met. A 20- day advance notification also

is requ1red The NESHAP also prohibits the installation or re1nsta11at1on'
:of 1nsu]at1ng materials containing commercial asbestos if the materials are
molded and friable or wet-applied and friable after drying, except for
spray- -applied insulating materials meeting ‘the spray1ng requirements. '
3. 3 1.2  TSCA Ban and Phasedown Rule. The TSCA ban and phasedown rule

(40 CFR 763, Subpart 1) proh1b1ts the manufacture 1mportat1on and
- processing of the following asbestos products by August 27, 1990: f]ooring
“felt, roofing felt, pipeline wrap, asbestos cement. (A/C) flat sheet, A/C
corrugated sheet, viny]l asbestos (V/A) floor tile, and asbestos clothing.
These products cannot be distributed in commerce after August 25, 1992.
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Prohibited by August 25, 1993'are beater add gaskets (except specia]ty
~industrial gaskets) sheet gaskets (except specialty 1ndustr1a1 gaskets)
clutch facings, automatic transmission components commercial and
industrial friction products, drum brake linings (original equipment), and
disc brake pads for light and medium weight vehicles. These products
cannot be distributed in commerce after August 25, 1994. By August 26,
1996, the following products are banned: A/C pipe,'commehcial paper, 7
Kcorrugated paper, rollboard, millboard, A/C shingle, specialty peper,.roof
'coatings, nonroof coatings, bfake blocks, drum brake 1inings.(éftermarket);
disc brake pads for light and medium weight'yehie]es (aftermarket), and
disc brake pads for heévqueight vehicles (aftermarket). These products
cannot be d1str1buted in commerce after August 25, 1997.

Products subJect to the rule must be labeled. Exemptions can be made
for products if the applicant can prove that the activity will not result
in unreasonab]e risk and that the applicant has made good faith efforts to
_deve]op subst1tutes Asbestos containing products for military uses w1]1

be exempt.

3.3.1.3  AHERA Schoo] Ru]es The AHERA schoo] inspection ru]e (40 CFR

763, Subpart E) requ1res a]] local education agenc1es to 1dent1fy asbestos
conta1n1ng materials in school bu11d1ngs and take appropriate actions to
control releases. An accred1ted inspector must inspect for all friable and

honfriab]e asbestos, heinspect at least every 3 years, develop a‘management

program, and design or conduct major actions to control asbestos.

An operation and maintenance (0 & M) program also must be developed
for any building with friable asbestos. 0 & M staff can perform asbestos
abatements involving 3 0.3 m (3 ft2, 11near) or 1ess but must rece1ve
training For 1arger amounts, accred1ted personne] must perform the work.
Any one or combination of the following can be used for 0 & M jobs: (1)
wet methods,,(2) removal methods_(glove bags, removal of ent1relp1pe or
';tfucture;.mihienclosure), (3) enclosure of materials, or (4) maintenance
}rograms. Vacuums with HEPA filters are required for use ih evacuating
glove bags and for cleanup activities. The rules also 1nclude prov1swons
,for worker protect1on and waste disposal.:

Clearance air monitoring is requ1red to determine completion of the
response action. The area is approved for reoccupancy when the average
concentration of f1bers for each of the five samples collected in the
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affected area is not stat1st1ca11y different (as determined by a Z-test
ca]cu]at1on) from the average of the five samples taken outside the work
space and the average of the three field blanks. Transm1ss1on electron
microscopy (TEM) is used as the analytical method.
- 3.3.1.4 RCRA Regu]at1ons and So]1d Waste Disposal Guidelines.
Ex1st1ng gu1de11nes established by EPA for the land disposal of solid
wastes are included 1n 40 CFR 241, The guidelines recommend a daily
compacted cover of at least 15.2 cm (6 in. ) with an 1ntermed1ate cover of
at least 30 cm (1 ft) for areas where add1t1ona1 cells are not to be
constructed for extended perlods of time (1 week to 1 year) ~A final cover
of at least 60 cm (2 ft) shou]d be applied on each area as it is completed.
“or if the area is to remain 1d1e for more than 1 year. The existing
gu1de11nes do not contain prov1s1ons spec1f1c to asbestos

The EPA also has estab11shed cr1ter1a for the classification of so]wd
' waste d1sposa1 facilities and pract1ces (40 CFR 257). These rules set
V general performance standards that address floodplains, ‘endangered species,
surface and ground water, land app11cat1on disease, air, and safety. The
standards are app11cab1e to all solid waste disposal fac111t1es (and
wastes) regu]ated under RCRA Subtitle D. Under the existing standards,
open burn1ng of residential, commercial, institutional, or industrial solid
waste is proh1b1ted Periodic application of cover material or other
:appropr1ate techn1ques are required to protect the pub]1c health from
disease vectors Uncontro]]ed public. access also is prohibited.

The EPA has proposed to amend 40 CFR 257 and to add new prov151ons
spec1f1c to municipal ]andf111s in 40 CFR 258 (53 FR 33314, August 30,
1988) . The proposed revisions to 40 CFR 257 include information
requ1rements to aid in deve]oplng data on 1ndustr1a1 solid waste disposal
facilities and constructlon/demo11t1on Jandfills in the future. The new
Part 258 would apply to all new and existing municipal solid waste
1andf111s except for c]osed facilities. The proposed rules also establish
- minimum criteria for 1ocat1on des1gn operation, cleanup, and closure.
Open burn1ng would be proh1b1ted and ex1st1ng requirements for controlled -
access would be expanded. The criteria would require app11cat1on of a
suitable cover at the end of each operating day (or at more frequent
1nterva1s) at least 15.2 cm (6:in.) of daily cover is recommended. Run-on
»contro1s (e.g., d1vers1on structures) and runoff controls (trenches berms,
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dikes) also would be required.. The proposed rule also would require
training of workers to recognize hazardous waste or i]]egaT_dumping; A
closure plan and postclosure care, including maintenance of final cover,
‘periodic cap replacement, and monitoring, would belkequired for 30 yearé,
As proposed the revised criteria do not contain any asbestos-spetific ‘
provisions. ' | ' -
+3.3.2 Other Federal Regu]at1ons _

~©3.3.2.1 OQSHA Regulations. The OSHA workplace standard (29 CFR
1910 1001) applies to al workp]aces covered by OSHA, ~including ship' v
repairing, ship building, sh1pbreak1ng, and longshor1ng/mar1ne terminals.
Similar standards for the construction 1ndustry (cover1ng demo]1t10n or
salvage; remova] or encapsu]at1on a]ternat1on repair, ma1ntenance or
renovation;‘prdduct installation; sp11]/emergency c]eanups; and |
| transportation disposal, storage, and containment'of waste) are ‘contained
in 29 CFR 1926.58. :

The current OSHA standards for workp]aces and the -construction
1ndustry establish an 8-hour time-weighted average (TWA) permissible
exposure 11m1t of 0. .2 fibers per cubic centimeter (f/cm3) of air for
asbestiform m1nera]s “An excurs1on limit of 1 f/cm3 (30~ m1n TWA) a]so is
~included, together with an act1on level of 0.1 f/cm3 (8-hr TwA) that
-triggers initial employee monitoring and other requirements.. Exposure to

'nonasbestiform minerals is limited to 2 fibers 1onger than 5 pm/cm3 of air
(8- hr TWA) under the current standards. Provisions also are included in
‘the standards for the use of regulated areas, medical surveillance,
exposure monitoring, training, protective clothing and hygiene facilities,
waste handling, warning labels, respirators, and recordkeeping.

_For the workplace standard, engineering controls and work pract1ces
are requ1red except to the extent that they are not feas1b1e 1f the
“controls and work practices are not sufficient to reduce exposure to the

~established limits, the employer must use them to reduce,exposures to the

%]lowest levels achievable and supplement the controls and work,préctices

with respirators. Dependiné on the type of process, feasible engineefihg

rcontrols and work practices generally include local exhaust ventilation
(LEV) for conveyors and work stations; careful handling of bags and bag
repair in receiving departments; automatic or manual bag opening where bags
are opened before mixing; closed blending tanks with LEV for dry mixing;
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1mproved housekeeping; ‘and shrouded tools. Provisions also are included
for the: hand11ng of asbestos fiber and re]ated mater1a1s (e g., asbestos-
~cement) and for waste handling. : -
' Methods of compliance for the construction standard may include any
one or combination of the following: (1) LEV equipped with HEPA filter;
(2) general ventilation systems; (3) vacuum cleaners equwpped with HEPA
- filters; (4) enclosure or isolation of process (5) wetting methods,
wetting agents, or removal encapsulants;. (6) prompt disposal in leak-tight
containers; or (7) other feas1b1e work practices or engineering contro]s
'Whenever these methods are not sufficient to achieve the limits, the rule
'requ1res the supp]ementa] use of respirators. ' '
7 The constructlon standard requires the use, wherever feasible, of
.negat1ve pressure enclosures for removal, demolition, and ‘renovation

“operations.  The nonmandatory gu1de11nes in Append1x F- of the OSHA standard -

described the exhaust air filtrdtion system for the negat1ve pressure
'enclosure as be1ng equ1pped with a HEPA filter. Small- sca]e short

_ duration jobs are exempt from the enclosure requlrement ~Although not
defined, examples of "small- scale, short duration” operations include pipe
repair, valve replacement, installing or removing drywall, roofing, and

“other genera] building maintenance or renovat1on NonmandatOry guidelines

in Appendix G of the OSHA standard recommend the use of glove bags, removal
of the ent1re pipe or structure or minienclosures for these jobs.
- 0On July 20, 11990 (55 FR 29713), OSHA proposed to lower the permissible

exposure limit from 0.2 f/cm3 to 0.1 f/cm3 for all employees subject to the
- workplace and construct1on standards. The proposed rule also would add and
,c]ar1fy_prov1s1ons for,methods of comp]iahce with both standards. '

_ The construction standard also would be revised to require a negative
_pressure enclosure'unlessispecifically exempted. The'guidelines in

' Appendix F of the OSHA construction standard, which require HEPA filters,
would be mandatory. ’Exemptions would int]udeFSmall-SCale, short duration

operations; operations where the erection of enclosures are infeasible; and

roofing removal jobs. "Small-scale, short duration operations" would be
specifically defined, and compliance with OSHA's Appendix G guidelines
would be mandatory. The propOSed'rule also would require additional
communication of asbestos hazards among building owners, employers, and
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employees; recordkeeping by building owners; and supervision of
~construction operations by trained personnel. '

The proposed revisions to the construct1on standard would. require that
cleaning of floors and surfaces on which asbestos dust can accumulate be
“performed at least once per shift in pr1mary and secondary manufacturing
sectors. Wet methods would also be used for cleanup, in add1t1on to HEPA-
_filtered vacuums. The use of high-speed sanders for sanding (buffing) of
_asbestos floor tiles would be prohibited; only 1ow abras1on pads used at
fspeeds lower than 190 rpm would be allowed.

3.3.2.2 DOT Rules. The DOT rules (49 CFR 171, 172, 173, and 174)
prohibit the transportation of hazardous mater1als and wastes in commerce
unless the mater1a]s are properly classed, descr1bed packaged marked,
labeled, and are in condition for sh1pment according to applicable
regu]atfons (40 CFR 171). Under DOT regulations (40 CFR 172), asbestos. is
~ classified as an "other regulated material" (ORM C) and is exempt from

rules governing hazardous waste transportat1on w1th the except1on of
, 41abe11ng requirements. However, in the event of a spill during
 transportation, the reportab]e quant1ty under the Comprehens1ve
Environmenta1’Response, Compensation, and L1ab111ty Act (CERCLA) is 0.45 kg
(1 1b). K

The DOT rules for sh1pments and packag1ng (49 CFR 173) apply only to
;gthe transportation of commercial asbestos. Asbestos that is fixed in a
natural or artificial binder material (e.g., eement plastic, aspha]t;
resins, or mineral ore) is excluded, as are manufactured products'
containing asbestos or any materials or products whose commerc1a1 va]ue is
not dependent on the asbestos content. Commercial asbestos must be-
transported in bags or other nonrigid packaging in closed freight '
containers, motor vehicles, or railcars loaded by and for the exclusive'use
~of the consignor and un]baded,by,the4con$ignee. The bags or nonrigid
" packaging must be dust- and shift-proof or strong and shift-proof in strong
;‘externa1 fiberboard or wooden boxes. Shipping paperé are required, but not
- a hazardous waste manifest. Hhen'transported by‘rai],'asbestos must be
loaded, hand]ed,jand unloaded, and any asbestos contamination of the
-railcar removed in a manner that will minimize occupational expgsure to
airborne asbestos particles released during transportation (40 CFR 174).
3.3. 3 State Regulat1ons - ' . '

An analysis was. performed to compare the prov151ons of State rules to
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'the Federal rules descrlbed above to determine which States already
‘:requ1red prov1s1ons similar to or equivalent to the regulatory alternatives
under consideration. Regu]at1ons were analyzed for 50 States and the:
D1str1ct of Columbia; for the purpose of this analysis, the D1str1ct of
,'Columb1a is counted as and referred to as a State. Many States now have
“standards that exceed the current NESHAP and other Federal regulations
govern1ng asbestos, part1cu1ar1y for demo11t1on/renovat1on operat1ons and
waste disposal.l16 A tabular compilation of the analysis is included in
Append1x E; the results are summar1zed below.

- 3.3.3.1 Milling, Manufactur1ng, and Fabr1catlgg Few, if any, States
were 1dent1f1ed that exceed Federal standards for milling, manufacturing,

~and fabr1cat1ng operations. No States were 1dent1f1ed that specifically

require HEPA filters on the exhaust streams of air cleaning equipment.
‘However, Co]orado requires comp11ance with the no visible emission
standards and equipment spec1f1cat1ons and 111inois requires no visible
emissions “and 1limits concentrations to 2 f/cm3 or less. No State
regulations were 1dent1f1ed that 1nc]uded,ma1funct1on provisions or that
addressed the import or export of asbestos fiber or products.
, 3.3.3.2 Dem011t1ons and Renovations. For standards governing
asbestos demolitions and renovations, 25 of the 51 regu]at1ons contained
threshold levels lower than the cUrrent NESHAP. ~No regulations were
identified that included different thresholds or work practices for -
nonfriable asbestos. Twenty-two (22) of the 51 regulations specifically
required HEPA filters on negative pressure enclosures, and most States
included special provisions for their operation and use. No regulations
were 1dent1f1ed that 1nc1uded prov1s1ons for viewing ports in the
”enclosure Seven (7) of the 51 regulations 1nc1uded prov1s1ons for
f11ter1ng shower water or otherwise managing excess water from wett1ng
‘Thirteen (13) of the 51 regu]at1ons contained prov1s1ons addressing
the use of wetting agents " Three of the 13 States require that the agent
must consist of 50 percent po]yoxethly]ene ether or 50 percent
polyoxyeth]ene po]ygyclo] ester or equivalent and be mixed with water to
'provwde a concentration of 30 mL (1 0z) surfactant to 19-L (5 gal) of
water. Thirty-eight (38) of the regu]at1ons exceeded notification
requ1rements in a variety of ways (e.g., apply to more projects, require
more 1nformat10n, or additional notification forms ‘such as for waste.

disposal).
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Near]y‘all the regulations (47 of~51)vestab1ish specific licensing, -

~certification, and training requirements for contractors, superv1sors,
workers, inspectors, consultants, prbject designers, project monitors,
and/or 0 & M persohne] performing small abatement projectS Many of the
States also have requ1rements for tra1n1ng course teachers and for the
subJects to the covered in the courses. ‘
§ Twenty -two (22) of the regulations have app11ed AHERA requirements for‘

';c]earance»awr monitoring to all significant abatement jobs. Nineteen of

" these States require monitoring results to be less than 0.01 f/cm3; three
requ1re a 0 005 f/cm3. Most States allow ana]ys1s by phase contrast

| microscopy (PCM) or TEM however, the number of samples required and the 4
number that must meet the standard vary widely. For example, a]though some
States require that the average’of the'samples meet the 1fmit; others
require each sample to meet the limit. Nearly all of these States have
established premdnitoring'cleénup procedures requiring wet cleaning and
HEPA vacuuming until no visible residue is present. Smaller jobs typ1ca11y

B ,are exempt from monitoring, but not from c]eanup requirements.

‘Additionally, some States exempt demolition jobs from monitoring under
certain conditions, but require comp]iance with the'nb visible residue
~_standard. | | o R o
Based on current information, two States have established requirements
speC1f1ca11y for preventive maintenance, and at 1east'eight‘more have
-onetime 1nspect1on and repair requ1rements for pub11c building or for
public and commercial bu1]d1ngs Some of these regulations require
inspection of -the completed abatement every 6 months to ensure there are
not any subsequent problems. Five States were identified that have
deVe]oped supplemental protocols for bulk samnling for use in their
inspection and repair programs. | o o
3.3.3.3 Waste Disposal. Thirteen (13) of the 51 regulations include
,provisions governing inactive or abandoned waste disposal sites; three of
the State regulations are asbestos-specific. ~ In general, the 13 States
require that a 60-cm (2-ft) final cover be applied orlthat the sites meet
“closure standards for active sites. Near1y'a11 States have closure
standards under their solid waste disposal regulations.
| ,Thirty—five,(BS) of the 51 regulations include ésbestos-specific
provisions for waste hénd]ing prior to disposal. The'majon focus of the
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work pract1ces is proper containerization. Twenty-one (21) of the 35

States spec1fy the use of a single 6-mil po]yethy]ene bag in a drum, double

6-mil bags, drums for waste with sharp edges likely to tear bags, and/or.
double 6- m11 po]yethy]ene sheets for large structural units ‘removed 1ntact
Two States allow double 4-mil bags, and 5 States allow single 6-mil bags.

| Th1rty -one (31) of the 51 States requ1re spec1f1c work practices for
disposal of asbestos waste at the landfill. Many different types of
| requ1rements have been estab11shed such as inspection of the containers by
the landfill operator “burial in a- separate cell and/or trench, provisions
for bur1a1 in the act1ve face of the landfill, app11cataon of cover
material 1mmed1ate1y upon rece1pt and d1ffer1ng requirements for the
initial cover. Nine (9) of the 31 States: exceed the NESHAP requ1rements
for a 15.2-cm (6-in.) daily cover. For example, 30 cm (1 ft) of initial
cover is requ1red in Alabama; 23 cm (9 in.) in Connecticut; 60 cm (2 ft) of
solid waste or soil or 120 cm (4 ft) if in a separate pit fn‘Kentucky; 90
em (3 ft) in New Jersey; 60 cm (2 ft) in Oregon; 60 cm {2 ft) of solid
waste or 15.2 cm (6 in.) of earth in Rhode Island; 30 em (1 ft) of earth or
90 cm (3 ft) of solid waste in Texas; and 30 cm (1 ft) of soil in Virginia
and west‘Virg1n1a These States genera]]y do not require an-intermediate

.- cover.,

Eight State regu]at1ons were 1dent1f1ed that 1nc1ude spec1f1c |

‘provisions’ regard1ng the compact1on of cover. mater1a1 for asbestos waste.
In one State, the 1n1t1a1 cover is not compacted at all; the other States
- allow compact1on only after the initial cover has been applied. - Nearly all
'vStates have nonasbestos- spec1f1c prov1s1ons requ1r1ng sol1d ‘waste to be
vcompacted before bur1a1

- Twenty- -nine States have deve1oped solid waste d15@osa1 regu]at1ons
requiring an intermediate cover in addition to the 15. 2 cm (6 in.) daily
cover requ1rement F1ve (5) of these States require 15.2 cm (6 in.) in
addition to the initial cover within time periods ranging from 48 hr to 6
months. The remaining States require 30 cm (1 ft) of intermediate cover
‘within: time periods ranging from completion of the lift to 9 months after
complet1on of the Tift. : ‘

- Forty- -five of the 51 State regulat1ons have general (i.e.
nonasbestos- spec1f1c) regulations for final covers at solid waste disposal

sites. A total of 30 States require a 60-cm (2-ft) compacted final cover
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or earthern material; 2 States offer an “alternative of 60 cm (2 ft) of
earth or. a membrane cover or 46 c¢cm (18 in.) of earth covered with 15.2 cm
(6 in.) of topso1]. Four States specifically require 46 cm (18 in. ) of
earth covered by 15.2 cm (6 in.) of topsoil. One State allows 30 cm (1 ft)
of final cover and two States allow 76 cm (30 in. ).‘ Six States require 90
m (3 ft), although the cover may be 76,cm (30 in. ) with 15.2 cm (6 in,)tof

-topsoil' The final covers of earth typica]]y are graded, vegetatedl and

ma1nta1ned after closure.
Twenty (20) State regu]at1ons were 1dent1f1ed that 1nc1ude asbestos-
specific. prov1s1ons for storage and transport A]though the requ1rements

vary w1de1y, nine States establish requirements such as for locked

dumpsters or t1me/vo1ume limits for temporary storage (e.g., store only to
accumulate for disposal, limit of 500 209-L (55-gal) drums at the abatement
site and 20 days at the disposal site, 5 days at the abatement site,

'storage of no more than 15.2 m3 (20 yd3) for 90 days or less, etc.). For

transport, two States requ1re ‘the vehicle to be lined with polyethylene
sheeting; two requ1re the transporter to provide advance notification to .
the disposal site; two requ1re a special waste manifest; and two require

‘the transporter to be permitted. Two States requ1re‘that_the asbestos

waste be segregated from other waste during transport, and one State
requires a certified worker or supervisor to escort the transport vehicle

- to the d1sposa1 site.

Fourteen (14) of the 51 regulations have provisions requ1r1ng a cover
for the transport vehicle or transport in an enclosed cargo 'area. Five
State regulations were identified that require decontamination of the
transport vehicle using wet cleaning methods or HEPA vacuuming. | In'One

_ State, cleaning is not requwred if the cargo area has been lined with .

sheeting and no v1s1b1e residue is present. :

Although most States have solid waste disposal regulations for
demolition landfills, no regulations were'identified that were asbestos-
specific. Typically, waste contaminated with asbestos (or other toxic
mater1a1) is not allowed in demol1t1on/renovat1on 1andf11]s but must be

; placed in municipal or other asbestos landfills.

3.3.3. 4 Spraying, Insulation, and Roadways. Four (4) State

'regu1at1ons ‘were identified that proh1b1t the spraying of asbestos-

containing materials. Five add1t1ona1 States do not proh1b1t spray
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'«app1icétions§~but apply more stringent control requirements (e.g., HEPA
fi1ters; respirators, containment barrieré and vacuum cleanup, materials
mustrcdhtainfless than 0.1 percent asbestos, materials contain less than
,O.25;pefcent{asbestos).v’Four statés‘require”nOnasbestoslsubstitUtes to be
used in patching or rep1acihg thermal insulation and fireproofing; one of
these States prohibits insulating material tontaihing any amount of
asbéstoé.a Although no State regulations were identified that absolutely
prohibited the use of asbeStOS’tailings to surface roadways in the area of
" ore deposits; two State regulations specify that deposition of asbestos

' tailings on roadways Covered with snow or ice is "surfacing" and prohibit
it. | o | |
3.4 BASELINE EMISSIONS

Baseline emissions are the emissions that occur in the absence of
additional EPA standards. Thus,-baSeline.émission are those that result
under the current NESHAP, as well as OSHA, Mine Safety and Health

aAdminiétration (MSHA), and State regulations. Federal, including EPA, and -

. vState regulations for asbestos are discussed in Sect1on 3.3.
v Baseline emissions have been estimated for milling, manufactur1ng, and

fabricating and for demolition and renovation.. Emission est1mates‘and the

’ methodoTogy used to eétimatevemissions‘are described in the following
sections. ' L |
3.4.1 Mills and Manufactur1ng , ,

o Em1ss1on estimates for mills and manufacturing sources were derived
from the fo]]ow1ng 1981 confidential business information (CBI) items
submitted by 291 plants under authority of Section 8( ) of TSCA:

1. Asbestos consumed--tons/year
Control device waste co]1ected--kildgrams/year (pounds/year)
Asbestos'COntent of control device waste--percent

Contro] devite'efficiéncy--percent f

U e W N
* . e . . e e

Control device gas volume--cubic meters per ‘minute (cubic feet per
m1nute

Uncontro]]ed emissions were used as the basis for est1mat1ng controlled
emissions and were computed for each control device using the following

equation:
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Uhcontro]]ed emissions = Waste collected x Asbestos content
(kg/yr) , Control device efficiency

For some sources, one or more of items 2, 3, 6r 4 from above were
m1ss1ng For these cases, minimum, maximum, and average values were
computed on a source category basis and were used to fill the data gaps
; (see Tab]e 3-1). For control device waste and asbestos content, averages
. were weighted by asbestos consumption quantities. Forvefficiency, averages
were we1ghted by gas vo]umes Emission estimates were based on a best
estimate and were adJusted to 1989 by us1ng the ratio of 1981 to 1989
asbestos consumpt1on in the United States. gy

Controlled em1ss1ons were computed using. the fo]]ow1ng equat1on

Controlled = Uncontrol]ed x (100 - Time- weighted average efficiency .

emissions emissions 100
(ton/yr)

The method used to calculate controlled emissions is set forth in Appendix
C. Nationwide emission estimates for 1989 are shown in Table 3-2.
3 4. 2 Fabrication:

Em1ss1on estimates for 62 fabr1cat1on sources were also derived from
the confidential TSCA data and adJusted to 1989 consumption levels. Only
sources currently covered by the NESHAP were eva]uated. The em1ss1on
estimates were based on the following data: :

1. Control device waste collected--kilograms per year (pcunds/year)
Gas volume--cubic meters per minute (cubic feet pér'minute)

Control device efficiency--percent

HWw o N

Asbestos content of control device waste--percent{

Uncontrolled and controlled emissions were computed based on.thé same -
equations used for mills and manufacturing.

~ For somé sources, one or more of items 1, 3, or 4 were missing. For
these sources, minimum, maximum, and average values were computed and were:
used to fill the data gaps. These values were all based on gas volume
because it was not possible to compare production rates for various
fabrication sources. Emission estimates for fabrication sources are
presented in Table 3-2.
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TABLE 3-2. NATIONWIDE ASBESTOS EMISSIONS FROM MILLING,

MANUFACTURING, AND FABRICATION, 1989 (kg/yr)

Source Current NESHAP
_ category Uncontrolied - “Controlled
Milling 2,352,000 . . 329
 Manufacturing‘ L v | »
Friction 2,635,000 : - 494
A/C pipe 257,000 36
A/C sheet 217,000 o - 26
Paper 26,000 -8 .
Coatings, 31,000 S 17
sealants, i : S
‘Plastics 162,000 _ 34
Textiles 19,000. 3
Packings, 12,000 S 1
gaskets ' . S
V/A tiled 25,000 S 8
" Fabricating 304,000 - ks | 63
~ Total

6,040,000 , 1,020

- aThis product-is not to be manufactured after August 1990.
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. 3.4.3 Demo11t1on and Renovat1on , .
~ See Appendix C for est1mates of emissions under current NESHAP.
3.4.4 Waste D1sposa] ' ' .

_ Emissions from d1sposa1 of demolition and renovation wastes were
est1mated by. us1ng emission factors deve]oped from AP-42 and applied to
estimated quant1t1es of waste. The procedures for develop1ng the emission
factors and an est1mate of the1r qua11ty are described in Appendix C.
Quant1t1es of waste were estimated from the average number of demo11t1ons
and renovat1ons (above the current NESHAP threshold) expected to take place
each year. For the approximate 2,300 demo11t1ons per year, emissions
under current- comp11ance with the NESHAP are expected to be 470 kg/yr
(1,040 1b/yr) I1f the NESHAP were fully complied with, this value would
decrease to 0.7 kg/yr (1.5 lb/yr) o :
| For the approx1mate 56, OOO renovations per year, emissions under

‘current compliance with the NESHAP are expected to be 3,084 kg/yr (6,850

CIb/yr). At full compliance this value would decrease to 2.3 kglyr (5
1b/yr). : ' : : ' '

3.4.5 ‘Removal and Recyc11ng of Asbestos Pavement , ,

~ The extent of ashestos- conta1n1ng pavement is sma]] ‘amounting-to an
estimated 16,000 km (10,000 m11es). Because most of the pavement was laid
as a surface layer in the 1960s and 1970s, it is likely that a large
portion of the mater1a1 has already been removed and discarded. Based on
16,000 km (10,000 miles) of 19 mm (3/4 1n ) paving, the total asbestos

content would be about 198 Mg (220 tons). Emissions from removing the
pavement would occur dur1ng operations that are performed to ‘'saw and break
up the material into slabs for removal. However, the sawing operations are
general]y performed with wet saws, “and debris from the removal process is
recycled or dispoéed of in municipal landfills. It is unlikely that

significant emissions exist from the removal process.

_ To extend the life of pavement, it may be milled to smooth its

- surface. This operat1on is .also performed with water-cooled equ1pment and
~ the wet debris is swept, collected, and recycled or disposed of in a
landfill. As with the removal process, it is unlikely that significant
emissions exist from mil]ing. '

3-58




Where'récyc11ng of paving is practiced, controls at the asphalt plant
;are usually baghouses or scrubbers bn the drum mixer. ‘Fbr portable plants
the control is more likely to be a scrubber because baghouses are harder to
transport. Federal particulate standards (NSPS) for the plants are 0.04
‘gr/dscf and 20 percent,opacity. Particulate matter emission points are
controlTed either by dust suppression techniqhes or by'hooding and'dQcting

~ to the control device. Asphalt plants now tend to be very clean. There is
-no 1onger the 1ayer of f1ne dust that former]y was found coat1ng everyth1ng

at the plant.
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4.0 EMISSION CONTROL TECHNIQUES

Methods potentia]]y'applicable for control of asbestos emissions are
discussed in this chapter. Fabric fi]tration,.scrubbing, é}ectrostatit
precipitation, and high-efficiency particulate air (HEPA) filtration as
they apply to controlling particulates; emission control methods for the

~ demolition, renovation, and construction industry; and control of emissions

from waste dispOsé] are reviewed. Controls for spraying and roadways and
encapsulation as a control method are examined. For milling,
manufacturing, and fabrication sources, asbestos emission contro] usua]]y
involves appTication of local exhaust ventilation (LEV) followed by removal
“of asbestos with a control dévice,~ Discussion in Chapter 4 is limited to
the types of control systems employed for milling, manufacturing, and
:fabricating sources. Details of the various systems applied and their

- costs for specific m11]1ng, manufacturing, and fabricating sources are
given in Chapters 5 and 7. Chapter 4 includes more information on specific
applications for demolition and renovation and waste disposal sources than
for m1111ng, manufactur1ng, and fabricating sources. Chapter 7 includes
add1t1ona1 1nformat1on on control costs for the latter source categories.

4.1 VCONTROL SYSTEMS

4,1.1 Fabric F1]ters ‘ ,

Housed in a structure known as a baghouse, fabric f11ters are one of
. the most effective methods for removing solid particles from gas streams.
« During filtration, a dust-laden gas stream is passed through a woven or
felted material in the shape of a cylindrical or flat supported bag, depos-
iting dust on the dirty side of the filter. Dust is deposited on the
~filter by direct interception, inertial impaction, diffusion, electrostat1c
“attraction, gravitational settling, and sieving. A mat or cake offdugt
forms on the filter surface, improving its collection efficiency.
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Eventually, the combined resistance to air flow of the filter and filter
cake increases to the point that air velocity across the filter and in the
entire exhaust system decreases. At some predetermined resistance level

~ (determined by pressure drop across the filter), the filters are cleaned by
one of a variety of cleaning mechanisms. These clean1ng mechan1sms are a
d1st1ngu1sh1ng feature among baghouse designs.

Filters may be cleaned by fabric f]ex1ng or reverse air flow. Fabric
f]ex1ng can be accomplished by manual, mechanxca] or -air shaking. Air
shaking is further separated into air bubb11ng jet pu]s1ng, reverse-air
flexing, and sonic vibration. Reverse air flow. consists of three methods:
repressur1ng cleaning, atmospheric cleaning, and reverse-jet cleaning. For
‘each, advantages and disadvantages exist that must be considered in the
overa]] des1gn,of a fabr1crf11trat1on system for.each industrial applica-
tion. o o - s |
' A'variety of filter material is avai]able' actual selection is
-determined by factors such as gas stream temperature and moisture, avall-
sab]e space, cleaning method, and costs. Fabric filter cloth is either
woven or felted. Woven fabrics generally operate at lower air-to-cloth -
rat1os than do felted fabrics, therefore requiring more cloth area for the
same amount of ‘exhaust gas. Fe]ted bags are used in reverse- Jet and pulse-
- Jet baghouses
A 1974 survey by EPA of plants that used asbestos revealed that 80
~percent of the respondents used baghouses and 90 1 percent of all control
devices used were baghouses.l In addition, another 4.4 percent of the
plants used baghouses preceded by cyc1ones a comb1nat1on represent1ng 3.2
percent of total control devices used. Data collected by EPA under the

'"‘ Toxic Substances Control Act (TSCA) show that in 1981 baghouses were still

the predom1nant method for controlling asbestos em1ss1ons Table 4-1
summarizes the information on control device use, including baghouse use.

» The 1974 survey showed that cotton was the fabric used in the majority
‘ pfrbaghouses (see Table 4-2) and that mechanical shaking was the cleaning
method used most often (see Table 4-3). Air-to-cloth ratios ranged from 1
ft/min to over 10 ft/min (see Table 4-4). Ratios for mechan1ca11y shaken
. baghouses were generally less than 3 to 1, while reverse-jet baghouses had
air-to-cloth ratios of 4 to 1 and greater. Pressure drops for a majority
- of the baghouses surveyed operated at under 3 1nches of water (see

" Table 4-5).
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TABLE 4-1. DUST CONTROL DEVICESZ

Plants - , Total
) - using device - devices used
Control device No. Percent No. Percent

‘Baghouse 72 80.0 335 90.1

Scrubber 6 6.8 8 2.1

Cyclone-béghouse combination 4 4.4 12 3.2

Cyclone 4 4.4 7 1.9

Filter systems 3 3.3 6 1.6
~ Scrubber-baghouse combination 1 . 1.1 4 - 1.1

Total 9  100.0 372 100.0 3

Source: Harwood, C. F., P. Siebert, and T. P. Blaszak, Assessment of Particle

Control Technology for Enclosed Asbestos Sources.
and Development, U.S. Environmental Protection Agency.
Publication No. EPA-650/2-74-088. October 1974.

Triangle Park, NC.
126 p.

Office of Research
Research
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TABLE 4-2. BAG FABRIC3
~ ~Plants Baghouses'using Bag-c]eaning mechanism'uséd‘
using fabric fabric L ' no. (%)
, : . , - Hand Automatic . Reverse  Pulse
Fabric No. ~ Percent No. - Percent shaker shaker jet jet
Cotton | 36  62.3 164 72.2 27 125 10 2
| | ; | (16.4) (76.8) (6.7)  (1.2)
Dacron 8  13.8 31 13.7 23 35
. | (74.2) (9.7)  (16.1)
Polyester 5 8.6 15 6.6 - 5 10
- T i (33.3)  (66.7)
Canvas 2 3.4 4 1.8 4 - -
(100.0)
Wool | 2 3.4 2 0.9 2 - -
| (100.0)
Nylon 1 1.7 4 1.8 4 - -
| , L (100.0)
Orlon 1 1.7 3 1.3 3 - .
| (100.0)
Polyprolene :
felt 1 1.7 3 1.3 -- — 3
(100.0)
Polyphrone : , :
Cfelt 1 1.7 1 0.4 -- 1 -
B . (100.0)
Burlap 1 1.7 -- --
Total 58 100.0 227 100.0

~Source: Harwood,
Control
Development, U.S. Environmental Protecti

C. F., P. Siebert,
Technology for Enclosed Asbestos Sources.
on Agency.

and T. P. Blaszak, Assessment of Particle

0ffice of Research and

NC. Publication No. EPA-650/2-74-088. October 1974. 126 p.
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"TABLE 4-3. BAG-CLEANING MECHANISMA

Plants: Baghouses uSing ,
using mechanism mechanism
Cleaning mechanism - No. .~ Percent “No. Percent
Automatic shaker 39 59.0 160 63.3
Pulse jet 10 15.2 28 110
Reverse jet 9 13.6 330 134
Hand shaker o8 12.2 Co32 12.6
Total | 66 100.0 253 100.0

Source: Harwood, C. F., P. Siebert, and T. P. Blaszak, Assessment of Particle
Control Technology for Enclosed Asbestos Sources. Office of Research
and Development, U.S. Environmental Protection Agency. Research.
Triangle Park, NC. Publication No. EPA-650/2-74-088. October 1974.

126 p.
TABLE 4-4. AIR-TO-CLOTH RATIOS
: o - Plants having Baghouses
Air-to-cloth ratio o __ratio . -~~~ having ratio
m/min ft/min No. Percent - No. _ Percent
< o0.62:1 $2.0:1 3 14.3 22 $20.0
. 0.63-0.75:1 2.1- 2.5:1 3 143 22 20.0
0.76-0.91:1  2.6- 3.0:1 6 28.6 23 20.9
0.92-1.24:1 3.1- 4.0:1 2 9.5 9 8.2
1.25-3.10:1 £.1-10.0:1 7 33.3 B 3009
Total 21 100.0 110  100.0

- Source: Harwood, C. F., P. Siebert, and T. P. Blaszak, Assessment of Particle
Control Technology for Enclosed Asbestos Sources. Office of Research
and Development, U.S.. Environmental Protection Agency. Research :
Triangle Park, NC. Publication No. EPA-650/2-74-088. October 1974.

126 p. v R ' v :
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During 1981, information ohremissioh'controls was’co1leetedfduring

'visits'to 13 milling, mahufacturing, and fabricating sites that used over

120'separate control devices (see Table 4-6). Detai]edvinformation was not

. available in all instances, but baghouSeS'were used overwhelmingly to

., control asbestos emissions, as shown in Table 4-7. The cyclone used in
. conjunction with a baghouse acted to return scrap material to the process -

and to reduce the load on the baghouse. The wet scrubber, Withba pressure
drop of 10.35 kPa (1.5 psi), was used to control emissions from a high-

- moisture exhaust gas stream. Table 4-8 summarizes the information

collected on baghouse-cleaning mechanisms. Reverse-jet cleaning was used
in 68 percent and shake mechanisms were used in 24 percent of the
baghouses.

Advances in fabr1c f1]trat1on techno]ogy dur1ng recent years have been
limited to introduction of fabrics capable of withstanding high
temperatures and use of pneumatic cleaning devices.’ Attempts are being
made to augment the already high collection efficiency of baghouses through

, épp]icatjon of electrostatics and optimization of baghouse operations.

High exhaust temperature is not a serious problem for the asbestos
industry. High temperatures are associated with drying of asbestos ore

. during milling. Nomex fabric filters typically are used for c]ean1ng dryer

¥

exhausts in the mills v1s1ted .
The only other maJor advance or change that has occurred is the’ ‘

‘ apparent increase in the use of pulse jet filters in the asbestos 1ndustry
'Genera]]y, lower overall costs have made pulse-jet fabric filters increas-

ingly popular wherever dust is collected from industrial processes. 8
Pulse-jet cleaning requires use of felted fabrics and allows higher air-to- :
cloth ratios, thus necesswtat1ng fewer bags for the same air flow. Pu]se-'
jet filters typically have longer bag lives than do mechanically shaken
filters. In addition, extra bags are often installed in shaker- c]eaned'
baghouses to permit the closing off of a part of the baghouse for cleaning

 without interrupting production.*

*  However, in some asbestos plants, fabric cleaning is scheduled during

normal production interruptions, such as. during meal breaks and shift
changes, to preclude the need for extra bags in mechan1ca11y shaken
baghouses. - »
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"VITABLE 4-6. PROCESSES AND NUMBER OF SITfoVISITED

, PrOééss R R _ Number of sites visited
Milling . BRI 3 |
Asbgstos/cemént (A/C) produc£s:: : SR o |  ‘ ,».2
Textile products Lol 2
~ Plastic materials i L o | S : 1
Friction products 2
Papér and felt 2
Chlorine s S T 1
Total > | Ll | 13

TABLE 4-7. CONTROL DEVICE USE3

Number of plants - Total

Control dévicé L - using device . devices used
‘Baghouse L mno 120

‘ Cyc1one-baghouse combination - - 1 . ' o i
Scrubber R !
Otherd Lo, | 2 SACR 1

aInformation was collected during 1981 plant visits.

bone plant using a small amount of asbestos uses HEPA filters. Because of =
the nature of its product and its manufacturing process, another plant
virtually has eliminated emission sources from within the plant, thus
eliminating the need for air pollution control equipment for asbestos
emissions. : ‘ v
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TABLE 4-8. BAG-CLEANING MECHANISMa

: , : , s Baghouses
Cleaning mechanism ' , Number B Percent
Pulse jet. o 83 - 68
ReVerﬁe air - , - 7 10 - ! ’. : 8
Shaker | L 29 SRR
Ctotal | o 122 100

dInformation was collected during 1981 plant vﬁsjts.




Potent1a11y ava11ab1e techno]ogy app11cab1e to fabric filtration was
exp]ored and use of electrostatic augmentation to 1mprove filter perfor-
mance currently is be1ng 1nvest19ated “An e]ectrostatlc charge applied to
exhaust part1c1es or to filters or the 1mpos1t1on of an electric field
across. the fabric reportedly 1ncreases collection efficiency and reduces
pressure drop. 9,10,11 Reduced pressure drop is apparently due to
~ deposition on the filter of a more porous filter cake. 12 Currently, an
electrostatic augmentat1on dev1ce is being marketed under the trade name
"Apitron." In the Ap1tron incoming dust is charged as it passes through a
corona'in‘charging tubes just before entering the open end of the filter
bags. The filters and chargihg tubes are cleaned by a pulse of compressed
‘air. L e : ,
- In another study sponsored by the U.S. Environmental Protection Agency
(EPA), a pilot-scale baghouse was used to investigate electrostatic

- augmentation of fabric filtration.13 A'reVerse-jet baghouse, electrostati-

:ca11y'augmented; is being operated in parallel with a conventional baghouse
(c0ntrol)hto eliminate dust from an industrial boiler slipstream. The
electric field is. mainteined gara1le1 to the fabric surface; corona parti-
cle charg1ng is not used. performance of the‘electrostatical]y augmented
baghouse has been superior to the conventional baghouse in severa] ways,

including:
. Reduced ratevof pressure'drop intreaée during filtration cycle
. Lower residual pressure drop B
. ’Stab]e operat1on at higher face ve]oc1t1es
. Improved particle removal eff1c1ency

Reported low power consumpt1on and modest expend1tures for electrical hard-
ware combined with the ability to operate at increased face velocities
offer. a favorable economic projection.

" For some asbestos manufacturing operations an intermediate product is
“produced, which will be prbcessed further to create a finished product.
This process is often referred to as fabricating or secondary processing.

Fabrication of the intermediate products can Jiberate asbestos fibers as in

the cutting, grinding, or drilling of millboard, A/C sheet, or brake
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products These operat1ons are similar to the finishing steps in manufac-
“turing, and emissions are controlled in the same way, typ1ca11y by fabr1c

filtration.

Other fabricating operations are not likely to emit asbestos;:

:€.g., in the asphalt saturation of asbestos felt for builtup roofing or
.pipeline wrap or in the vinyl coat1ng of asbestos felt for v1ny1 sheet

flooring.

Air-cleaning devices associated with these operat1ons used for.

controlling emissions from asphalt impregnating materials are not 1ntended

for asbestos control.
Although baghouses in the asbestos 1ndustry have a h1gh mass eff1c1en-
y {(99.99 percent or greater) they may still release 1arge numbers of
sma]] fibers.14  Thus, research has been performed to optimize baghouse
~efficiency by contro]11ng various operat1ng parameters,. such as relative
humidity, air flow, dust-loading, bag type, shake cycle, and series
operations. 15,16 1n a pilot- -scale study,17 the fo]]ow1ng qualitative

conclusions were drawn:

Relat1ve hum1d1ty may affect the longer f1bers f1]terab1]1ty,
and high relative humidity adversely affects many bag fabr1cs

- Total dust load1ng is ‘less s1gn1f1cant than dust type.

Cotton fabr1cs seem equal in control capab111ty and super1or in
resistance to re]at1ve humidity.

Increasing air-to-cloth ratios (ranges selected in study) promote
fiber removal. : S R

Higher shake amp]itudes produce lower outlet cOncentrations

Shorter shake durations produce lower out]et f1ber concentra-
tions. , ,

Longer time per1ods between shake cycles (1ow frequency) produce

lower outlet f1ber concentrations.

Exhaust recyc]e during bag stab111zat1on may dramat1ca11y reduce
outlet fiber concentration during stabilization of new bags
(approx1mate1y 24 hours of operation). ' a

Two baghouses in ‘series are not s1gn1f1cant]y more efficient than
a s1ngle stabilized baghouse. ,

A typ1ca1 baghouse was selected, automated, and mod1f1ed for stack samp11ng
in a subsequent field study to assess the impacts on baghouse efficiency of
shake amplitude, shake duration, and interval between shaking. 18 The con-
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clus1on was that long 1ntervals between shak1ng, small shake amplitude, and
short shake duration are apparently related to lower emission concentra-
‘t1ons “Low emissions were thus re]ated to the 1east frequent bag
disturbances.19 : , ‘ L

As noted preVioUsly, baghouses normally achieye'99.99-percent control
of emissions from-asbestos industry sources. Occasionally, however, bag-

houses fail, with a resultant drop in control efficiency. Depending on the

frequency and dev1at1on of failures, the long-term efficiency of a baghouse
may be as Tow as 99.66 pertent 'Appendjx B discusses bag failures and the
~resulting dec11ne in efficiency. ' ' o
Inspection of baghouses at regular intervals can prevent or reduce the
“duration of such fa11ures. “Inspections examine both the internal and

| externa1'components of the baghouse. Internal inspections examine bags for
wear, abrasion and damage, condensatioh, tension, and state of bagvconnec-
'tion. Inlet and outlet ducts and dust hoppers are inspected for dust
bui]dup, and all surfaces are examined for evidence of corrosion. The

: external inspection focuses on the cleaning system and considers the 1
fol]ow1ng operation without binding; ‘1oose or worn bearings; drive

. components; solenoids, pulsing values for Pulse-Jet; and compressed air
system for Pulse-Jet and damper values. Air leakage from expansion joints,
~door gaskets, cleaning system penetrat1ons and hoppers is of interest as

are the operat1on and lubrication of interlocks and the cleanliness, loose

connections,. and air filter of the control cabmet.20
4.1.2 Wet Co]lectors '

Wet collection techn1ques are emp]oyed when part1cu1ates are not ame-
'nable to remova] by fabr1c f1]trat1on Water and other liquids are '
emp]oyed in convent1ona1 wet collectors to entrap and remove part1cu1ates
_from gas streams. This action is accomp]1shed by br1ngwng droplets of
scrubbing Tiquid into contact with the undes1red entra1ned particles;
primarily through inertial impaction, diffusive depos1t1on and direct -
_interception, to render part1c]e sizes 1arge enough to permit h1gh-
efficiency co]]ect1on The mixture of collected mater1al and scrubbing

liquor is removed from the c]ean1ng device to minimize reentrainment of the

or1g1na1 contam1nat1ng mater1a1 Spray chambers centrifugal spray




scrubbers, impingement plate scrubbers, venturi scrubbers, packed-bed
scrubbers, and centrifugal-fan wet'scrubbers are among the many types of
. wet collectors used commercially.21,22 _ ,

Under normal operating conditions all control variables including
scrubber pressure drop, recycle pump rate, makeup water rate, slurry
'dens1ty, slurry purge rate, and recirculation sump level shou]d be operated
in the defined ranges.23 During normal operations, several items should be
- inspected routinely. Lines, ‘nozzles, and pumps should be checked for '
plugging; and erosion/corrosion prevention liners, instruments, and other
equipment parts should be 1nspected for wear.24 _Any damaged components
should be repa1red '

A prtmary disadvantage of us1ng wet collectors as f1na1 stage gas-
cleaning devices to control asbestos emissions is the apparent low collec-
tion efficiency for submicron particulates. - Some wet collectors, e.g.,'the
venturi type, can be designed for improved efficiency in collection of
submicron particle sizes, but operating costs are high due to the resu1ting
higher pressure drops across the scrubbers. Wet collectors also produce a
‘wastewater discharge. By 1983, asbestos-processing p]ants were to have
~zero discharge of asbestos-contaminated wastewater. :

Table 4-1 indicates the limited use of wet collectors (scrubbers) by

", the asbestos industry as of 1974. Table 4-7 shows the number of scrubbers

, in use at 13 sites visited during 1981
Because of the high energy requirements of conventional scrubbers

especially in collecting submicron particles, alternate collection forces
have been 1nvest1gated and applied to augment conventional scrubbers.
Currently, two alternatives are available: electrostatic augmentatton and
use of phoretic forces. Electrostatic augmentation includes charged
‘particle, oppositely charged droplet, charged particle with image charge on
. droplet, and charged droplet with image charge on particle.25 Phoretic
. forces are active in wet scrubbers when temperature or water vapor concen-

tration gradients exist between the particle and droplet environments.26
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4.1.3 Electrostatic Precipitators (ESPs)

-~ In an ESP, a corona is established between an electrode maintained at
high voltage and a grounded co]lect1ng surface. Particulate matter passing
- through the corona is subjected to intense bombardment of negative ions

that flow from the high-voltage electode to the grounded collecting
surface. The partlcles thereby become highly charged within a fract1on of
a second and m1grate toward the grounded collecting surfaces. 27

ESPs are not used by the asbestos industry to control emissions. High
" installation cost and 1ower collection eff1c1enc1es (re]at1ve to those of
fabric filters) do not make ESPs attractive to contro) asbestos emissions.
4.1.4 HEPA Filters '

Limited information indicates that HEPA f11ters could be used after
baghouses to provide 1mproved asbestos control.28 A wide variety of off-
the-shelf cartridge filters are ava1]ab1e with eff1c1enc1es for capture of
0.3-pm-diameter part1cu1ate varying from substantially zero t0.99.999
_ percent. For purposes of this document, cartridges with efficiencies rated
~at 99. 97 percent efficient or better are designated HEPA filters. Each
’cartr1dge is tested separately by its manufacturer and labeled with a
'ser1a1 number and with the tested penetrat1on Efficiency tests involve
‘generat1ng a 0.3-um dioctyl phthalate aerosol and evaluating the . <
~effectiveness through an optical instrument according to. Military Standard
" Number 282 or American Society for Test1ng and Mater1als (ASTM)

Specification D-2986-71. ,

HEPA cartr1dge filters are available in a var1ety of sizes. However,
a common size has a 61- -cm by 61-cm (24-in. by 24-in. ) face area and is
1about 31 cm (12 in.) thick. The cartr1dge is constructed of pleated filter
media s1m11ar in appearance to the pleated: construction of an automobile
~air filter. The pleated construction allows the packing of a large filter
area in a sma]l space. ‘Gas-handling capacity varies for this size filter
~and ranges up to 60 m3/m1n (2,000 ft3/min) for a new 61-cm by 61- -cm (24-in.
by 24 in.) filter operat1ng at a pressure drop of 1 in. of water.

There must be no leakage around the HEPA filter if it is to achieve
its high efficiency. Consequently, the cartridges are constructed with '
rigid metal frames. The filter system is composed of one or more
cartridges f1tted to a r1g1d frame with gaskets sealing the space between

4-14




the cartridges and frame. Because the cartridges must be replaced from
time to time, the filter systems are designed so cartridges can be removed
and replaced without affecting the effect1veness of the system

For almost every application, precond1t1on1ng systems such as
. prefilters are required either to permit effective filtration or to
optimize filtration costs. - For each individual app11cat1on filter vendor
‘or other expert advice Shou]d be obtained before selection of the - :
precond1t1on1ng and f1lter system. ' :

One reason for precond1t1on1ng is to opt1mlze costs, which involves -
installing higher capac1ty, less effect1ve and less costly filters such as
baghouses ahead of the HEPA filter. This action extends the useful life of
the expenéive HEPA filter cartridges. Baghouses are a]ready‘common1y‘
employed in asbestos milling, manufacturing, and fabricating.

At times a preconditioning system needs to be installed to minimize
destruction or almost immediate blinding of the f11ter If the gas
_ temperature is too high, it will damage the filter; HEPA filters are
- available for temperatures up to 316 °C (600 °F). Excessive water or
organics can caUse problems and tacky particulates and organic liquids can
blind the filter in a short time, ,

With cooling systems 1nvo1v1ng ‘water sprays the effect of moisture on
‘the HEPA filter must be considered. With excess1ve'water in the gas, gas
. reheating or cooling followed by.reheating'must be employed, depending upon
the application. Where a scrubber or spray cooler precedes a HEPA filter,
effective mist eliminators need to be installed. With reheating, water
'problems can arise even at temperatures exceeding the vaporization
temperature because not enough detention time is a]lowed for vapor1zat1on
When the part1cu1ates are tacky and would tend to blind the HEPA filter, it
is usua]]y necessary to install a scrubber to minimize prob]ems Although
not demonstrated, one U.S. vendor of HEPA filters feels that they could be
used after scrubbers without difficulty. However, others have expressed -
some concern over their use after scrubbers and feel some 1nterven1ng
dehumidification step would be required.29

When new, most HEPA filters are des1gned to operate at 1 inch of water
- pressure drop. A cartridge is replaced whenever the pressure drop reaches
~2 to 3 inches of water, depending upon optimum costs. Vendors norma]]y
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spec1fy max1mum recommended pressure drop and temperature ‘and provide
advice on other conditions that might adversely affect filtration. An
accurate, sensitive pressure gauge is needed to determine when the
cartridges should be replaced. Gas flow meters or indicators with or
without record1ng capab111t1es ‘also can be installed. Particle-counting
systems monitor the. effectiveness of HEPA filters in the field.

Because HEPA filters are seldom installed except where there is a need
for,str1ngent control, it is important to minimize contamination from
rep]acement‘of caftridges or system maintenance. When cartridges are re- .
“placed or maintenance is performed, potential contamination problems are:

e Contahination,of workers
s Clean stde'contamination a L
. Contaminationxofrthe work area
. ‘Nater pollution |

Waste disposal.

Recommendations and regulations for worker protettion should be obtained
from the 0ccupat1ona1 Safety and Health Administration (OSHA). Removal of
spent cartridges will 1nvolve some spillage of collected material, which
can be limited mostly to the inside of the filter system if the contami-
nated cartr1dges are sealed in plastic bags. The area where the filter
system is located shou1d be protected from wind erosion, and the floor
should be amenable to damp cleaning or vacuuming with HEPA- f11tered vacuum
‘cleaners. After the cartridges are enclosed in plastic bags or other

closed conta1ners;,a11 gaskets should be inspected and removed if necessary

and the entire work —area and‘c1ean side of the filter system
‘decontaminated by damp w1p1ng techn1ques or vacuuming. All materials
including protective clothing, rags etc., should be sealed 1n p]ast1c bags
or other suitable containers. Excess water, which would cause
contamination or water pol]ut1on problems, should. be avoided. In some
 cases, the p]ast1c bags are put in closed-top fiber drums or other heavy- -
“duty containers to minimize damage to the plastic bags prior to disposal.
A1l contaminated mater1a]s should be d1sposed of according to applicable

waste'disposal regulations.
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'C1eaning HEPA filter cantridges destroys the integrity of the
“cartridge and may impair its effectiveness. Some HEPA filter systems are
‘designed for cleaning the filter element to extend useful life. Whether or
“not these systems should be employed should be decided on a case- by- case
“basis. . ’
Once the used cartr1dges have been removed and the entire facility
decontaminated, replacement cartridges can be installed: - These should be
inspected'td,ensure that they are new and have been tested‘and that there
are certification documents, if such documents have been specified.' when
gaskets have been removed, they should be replaced. The cartridges should
then be inspected for any physical damage that might_have,been caused after
. testing, after which the new cartridges shdquvberinstalled with all seals
secure. Techniques are developed_for generating a dioctyl phthalate |
aerosol at the site and evaluating the system's effectiveness through
partic]e-counting'instruments-to ensure thevintegrity‘of the system after
replacement of cartridges. B o :

4.2 DEMOLITION RENOVATiON AND CONSTRUCTION

4.2.1 Demolition and Renovat1on 7

T Methods used to control asbestos em1ss1ons from asbestos abatement
operations performed as part of demolition and renovatlon commonly take the

. form of work practices (1nc1ud1ng encapsu]atvon) Controls d1scussed below

1nc1ude those currently. required by the standard as well as methods that

| are more str1ngent than those in the current National Emission Standard for.

Hazardous Air Po]]utants (NESHAP) and that are being cons1dered as

regulatory alternatives (see Chapter 5). .

Demolition of a structure may be done by any of several methods,
including ball and clam demolition, floor-by-floor demo]1t1on, or
implosion, and involves tearing down and ripping‘out walls, ceilings,

. piping; and other'structural elements. To control asbestos emissions from

- ,.demolition, the NESHAP requires that asbestos-containing material fitst be

.. removed. Asbestos-covered structures may be remdved from the structure in

sections or units, or, while still in place, the asbestos may be scraped or

- chipped off or otherwvse stripped from the surface with which it is in
contact. - Stripping and removing asbestos and encapsulat1ng materials that
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conta1n asbestos will release asbestos f1bers to the air. Handling and
co]lect1ng asbestos conta1n1ng debris or waste is another potential
emission source associated with asbestos removal activities.

4.2.1.1 wett1ng Agents. The most effective control technique for
‘reducing emissions is to wet the asbestos sufficiently before d1sturb1ng
it. The advantage of wet removal over dry removal is that water can alter
the aerodynamic characteristics of the fibers, making fiber release more
difficult during the removal. The use of amended water (water to which a
surfactant or wett1ng agent is added) which is more efficient at wetting
the f1bers reduces water runoff because less water is needed to achieve
the same effect as unamended water, also, amended water reduces work time
‘because less time is requ1red for airborne asbestos levels to return to
background levels.30 - A mixture of water, polyoxyethylene ester, and
nonflammable polyoxyethylene ether has been recommended (28 g [1 0z] in
19 L [5 gal.] of water). 31 S
' Ideally, the mater1a1'shou1d be wet with a fine spray several hours
‘(even as much as 24 hours) before removal begins, with rewetting just prior
to and during remova] Wetting may be by a standard water hose with a
nozzle that permlts the use of a fine, low- preSSure spray or with airless
spray equipment.  Care should be taken in wett1ng that the water pressure

does not dislodge the asbestos and scatter it about, with the potent1a1 of

it dry1ng 1ater and being reentrained to the air. Such care is especially

1mportant in renovation where the facility is to be occupied, as in schools

and office buildings. Excessive use of water also may damage property.
Where the asbestos-containing material cannot be wetted because it has an
impermeable outer jacket or coat1ng, the outer coat1ng should be cut
suff1c1ent1y to allow water to reach the insulation. |
In pilot demonstrat1ons, premolded pipe ‘jnsulation on Navy ships was

wetted by injection of ethylene glycol (antifreeze) into the insulation.32
Injection into the insulation solved the problem of wett1ng the asbestos
’through the water-repellent outer coverlng of the insulation and prov1ded

for comp]ete wett1ng of the 1nsu1at1on At least one injection system is

available commercially that uses a proprietary chemical penetrant. The
penetrant is pumped to an 1nJect10n gun consisting of from 1 to 10 needles
for varying degrees of coverage.33
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In a report on the use of surfactants for asbestos removal, a
- surfactant was defined as "any‘tompound*that reduces surface tension when
dissolved in water or water solutions: or which reduces interfacial.
 tensions between two liquids or between a liquid and a solid."34 The
« authors classified surfactants into three categories: ‘
Detergents
o  Emulsifiers o
. Wetting agents.
= According to,the report,idetergents'and emulsifiers do hot penetrate as -
well as wetting agents, although detergents are rapid wetteks.v However,
wetting agents cause water to wet and penetrate the asbestos material that
is- to be removed. Wetting agents increase penetration ."by 1owering the
tensions” or "loosening the skin" that forms around water molecules form1ng
drops of water on asbestos. 35 Due to the penetrat1ng action of wett1ng
agents, more individual fxbers are wet. When comb1n1ng water and a
surfactant to make a solution of amended water, the authors noted that
mixing the water with a surfactant at the removal site does not always
?,permit adeQuate quality control to ensure a solution of consistent
“strength. Some mahufatturers have deve]ppeqbwettingvagents that are less
concentrated, but are more efficient in application and are able to main-
tain a consistent wetting ability. S
When choosing wetting agents for the wet removal of asbestos, the
amount of the‘active ingredient, typé of ingredient, and the type of
asbestos must be considered. For example"sprayed-on'asbestos'may}contain
one type or a mixture of chrysot1le amosite, crocidolite, anthophyllite,
' tremo]1te, or act1no]1te A b]end of non-ijonic surfactants containing
po]yoxyethy1ene‘ester$ of mixed organic acids, polyoxyethylene ethers of
mixed organic acids, and polyoxyethylene ethers of alkylated phenols has
been shown to be particularly effective.36 Table 4-9 lists some
commercially available wetting agents and their manufacturers.
"~ An EPA study compared the effectiveness of controlling a1rborne '
+ asbestos levels using dry remova] wetting asbestos materials with p]a1n
water, and wetting with amended water.37 Table 4-10 presents asbestos
fiber counts for wet and dry removal methods studied. Concentrations in
the tables were obtained through the U.S. Public Health Service membrane
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" TABLE 4-9. COMMERCIALLY AVAILABLE WETTING AGENTS
FOR WET REMOVAL OF ASBESTOS IN BUILDINGS?

Wetting agent , o Manufacturer and address

Asbestds-wet S I Acti N
| 5 | P.0. Box 183
Maple Shade, NJ 08052

'Certane;20-75 , | Certified Technologies
: _ . 7404 Washington Ave. S.
Eden Prairie, MN 55344

44-13, MEI Wetting Agent o Mon-Eco Industr1es Inc.
- : ' - 5 Joanna Crt.
A East Brunsw1ck N 08816

CP-225,'Chi1?Sorb wetting Agent »Ch11ders
' S ' 35555 Curtis Blvd.
East]ake OH 44095

Superwet Wetting Agent Better WOrk1ng Env1ronments Inc.,
: ‘ Stocking Warehouse :
1400 Woods Run . -
Pittsburgh, PA 15212

aThe mention of product names is not a product endorsement by the EPA.

», TABLE 4-10. COMPARISON OF METHODS IN REMOVAL OF AN
. 8- X 12-FOOT CEILING SECTION38

, Asbestos .
L - _fiber counts (f/em3)
~ Number of . - Standard
“samples : Mean . deviation
Dry: no preparation o 82.22 24.7
Het:F untreated water 6 e - 23.1 ' 7 4.9
Wet: amended ther K v.tl. 10 ' oo 8.1 ‘- - 4.6

aMembrane filters conta1ned numerous fiber clumps in addition to counted
fibers.

Source: Sawyer, R.N. Asbestos Exposure in a Ya]e Bu11d1ng Environmental
‘ Research. -13:146-169. 1977.
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filter method and represent WOrker‘exposure.levels. Fiber release is
Substantially reduced with use of amended water over fiber release
‘enéountered with either dry or wet (and untreated water) methods. Compared
- to dry removal, the use of amended water reduced airbdrne fiber concentra- -
_tions by 90 percent. A wetting agent of 50-percent polyoxyethylene ester
~and 50-percent polyoxyethylene ether in a concentration of 30 mL (1 oz) in
19 L (5 gal.) of water was used to obtain the results shown in Table 4-10.
In another report,39 air samples collected from 52 recent asbestos
removal projects were described and are summarized in Table 4-11. Area
sémp]es were collected inside and surrounding the work area durihg_remoVa]r
activities with National Institute for'Occupational Safety and Health
(NIOSH) analytical method P&CAM239. A total of 941 area air samples were
- cqlléctedvdurjng 52 asbestos abatement projécts. “Of these, 479 were
collected inside the work area, and 238 were co]]ected outside the
buildings while the work was in progress. The arithﬁetic‘mean for all work
, area air samples was 2.5 f/cm3. The géometric mean (GM), which better
~ describes thevair'samp1ing data, was 0.74.f/cm3kfor all work area air |
samples. If divided into wet and dry removal, the GM for wet removal was
 substantia11y.Tower than for dry removal, 0.48 f/cm3 versus 11.9 f/cm3.
- Air samples collected outside the work area at locations where |
_contamination would be 1ikely had a mean concentration ranging from
' undetectable to 0.8 f/cm3. The mean fiber concentration,fof samples
collected outside the building Where contamination'might QccurAwas 0.1
f/cm3 or less.4l | , o ,
o In addition to agents that enhance.wetting,'certain encapsU]ants are
“used during removal operations. Removal encapsulants are penetrating-type
encapsulants that wét, coat, and encapsulate asbestos fibers. One removal
encépsu]antrin use remains wet during removal and later hardens to help
,;prevent'the release of'fibéhs. Table 4-12 1lists some commercially
;,available removal encapsulants. =~ In one report on encapsulants, removal
ifencapsulants are considered'effective in wetting asbestos and controlling
»hfibek release during application of the agent and subsequent removal
. because the remova]lencapsulant produces a wet material and reduces fiber
_release as it coats the fibers.42 Removal encapsulants should be applied
under low pressdre using airless spray equipment to keep fiber counts at
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" TABLE 4-11. COMPARISON OF WET AND DRY REMOVAL METHODSA0

Asbestos fiber counts (f/cm3)a

: i " Number Number Geometric Geometric
Method - of samp]es  of projects - mean standard deviation
et W 45 0.48 2.3
oy W BEN TR VT 2.0
Total 479 52 C07a 5.0

" NR- = not reported.
~aArea fiber=counts using phése contrast microscopy. 7
Source: Ewing, W. M. (Georgia Institute of Techno1OQY) and G. J. Simpson
- (Gemco Construction Company). Air Sampling at 52 Asbestos Abatement

- Projects. (Presented at the American Industrma] Hygwene Conference
Ph11ade1ph1a May 24, 1982.) p. 22 .

TABLE 4-12. COMMERCIALLY AVAILABLE REMOVAL ENCAPSULANTS®

Removal encapsulants - SRR Manufacturers

BWE 5000 ' I - Better Working Environments
' o : - Stocking Warehouse
1400 Woods Run :
P1ttsburgh PA 15212

cP-240, Chil-Lock , Childers
: ' o 35555 Curtis Blvd.
Eastlake, OH 44095

ME] 44-45 Asbestos Removal Sealant ‘Mon-Eco Industries, Inc.
. ‘5 Joanna Crt.
~ East Brunswick, NJ 08816

EPA 55 American Coat1ngs Corporat1on
3 ' 1500 Northwest 62nd St.
Suite 503 ]
- Ft. Lauderdale, FL 33309

Control, Penétrating7Rem0va1 Agent Grayling ihdustries; Inc.
‘ : T E ' 1008 Branch Dr.
-Alpharetta, GA 30201

‘Fostef 32?60 b ’ v : vFoster Products Corp.
Some ' i 1200 Walters Blvd.
Vadnais He1ghts MN 55110

aThe ment1on of product names 15 not an endorsement by the EPA.
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Tow levels. Low- -pressure application us1ng an airless sprayer capab]e of
242 to 345'kPa (35 to 50 psi) will allow more effective wett1ng without
blowing- the fibers into the air; h1gher pressures of 1,035 to 2,070 kPa
(150 to 300 psi) should be used for misting the air and cleaned surfaces

. Accord1ng to this study, the advantages of using removal encapsulants are:

< "1ower average fiber counts because of the sett11ng and encapsu]at1on of
fibers during the app]1cat1on process; s1gn1f1cant penetrat1ng and
saturating ab111ty of the removal encapsulant; and the ability to render
~the asbestos waste nonfr1ab1e due to encapsulation, which reduces transport
~and post-disposal hazards due to bag breakage and water leaks."43

A disadvantage from an enforcement po1nt of view for at least one

removal encapsulant is the lack of ev1dence of moisture on asbestos-
containing waste mater1a1 Manufacturers of this removal encapsu]ant
suggest removing and bagg1ng the asbestos material while the material is
still wet.44,45 Eventually, however, the removal encapsulant dries and the
» resulting coating is hard,awith no evidence (such as water or Condensation
in the bags) of having been wetted. The only appearance change in the
asbestos material Qhen,sprayed with one removal encapsulant, BNEISOOO, is a

s slight sheen to the asbestos--typically no moisture is present in the

1vbags 46 a prob]em arises when an inspector does not observe work prattices
%adur1ng the spraying, stripping, and bagging of the asbestos, but arrives at
the removal site after the mater1a1 is stripped and bagged Inspectors'
often look at the bagged asbestos material to see if it is wet. If
_ moisture is not seen in the bags, a violation may be issued to the asbestos
contractor for not adequately wetting the asbestos. ‘To convince inspeCtofs
that “the material was wet during-stripping and'bagging, removal encapsulant
. manufacturers suggest adding a coloring agent to the encapsulant before
~spraying, such as food coloring or cloth dye.%/ |

Although appropriate in most demolition and renovation JObS, use of
wetting involves some 11m1tat1ons Some. types of amosite- containing
‘materials (typ1ca11y used 1n therma] 1nsu1at1on):wi11 not adsOrb water or
amended water.48 Safety considerations may dictate that water not be used.
For example, the ‘potential for e]ectrocut1on prohibits use of water around

- electrical equipment or wiring. Water should not be applied to operat1ng

steam lines in confined areas, guch as utility tunne]s where the steam
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generated from contact between the water and the hot pipe can burn the
worker or create too hot an environment. A]so “for safety reasons, the
-current NESHAP specifically exempts operat1ons from certain wetting
requirements when the temperature is below freezing and when it can be
shown that it will unav01dab1y damage equ1pment

4.2. 1.2 Loca] Exhaust Ventilation..  When EPA determines that equ1p-
hment damage from wett1ng is unavo1dab]e a LEV and collection system must
be used. Such a system also may ‘be used in lieu of wett1ng for str1pp1ng,
asbestos from structura] and funct1ona1 members removed as units or in
sections. LEV as opposed to genera1 room dilution (or space ‘exhaust
vent1]at1on) captures particulates at or near the point of generation and
rprevents release of part1cu1ates into the- surround1ng work area. Typi-
ca]]y, air volumes exhausted are less ‘and exhaust velocities higher than

~those of space exhaust vent11at1on

Due to the temporary nature of demolition and renovat1on work sites,
LEV and collection systems at these sites d1ffer from LEV systems used in
permanent work sites such as manufactur1ng p]ants LEV and collection
systems commonly emp]oyed w1th asbestos removal and stripping consist of a

- portab]e or mob11e vacuum system f]ex1b1e hosing that extends from the

~vacuum to the point of fiber release (usual]y without capture hoods),

an a1r-c1ean1ng;dev1ce. Portable vacuum systems, long used in the asbestos

industry as part of housekeeping, typically are equipped_W1th HEPA, or
absolute, filters. Portable units have capabilities ranging from 20 to

70 L (5 to 18 gal.),49 although at least one model can be used with a 203-L
(55-gal. ) drum The relative1y small capacities of portable units limit
their pract1ca] application to jobs involving 'small to moderate amounts of
asbestos or, in the case of 1arge renovation jobs,. to jobs where the as-

‘bestos is being m1n1ma11y d1sturbed such as making cuts in the asbestos to

remove structura] or functional members in units or sections. Such
portab]e vacuum systems are used frequently during cleanup fo]]ow1ng reno-
vation. It is important not to overload the collection bags .on these units
gbecause they may rupture and emit asbestos from the exhausts Care also is
requxred in their servicing, during which asbestos may be released. A
HEPA-filtered vacuum may fa11 1f used on wet material, 50 preventing its use
for remov1ng wet debr1s
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~ Another type of LEV system is the mobile vacuum removal system. These

. are transportab]e'pneumatic conveying systems designed to pick up and move
materials in solid, liquid, or slurry form. Mobile yacuum systems can be

truck- or trailer-mounted and consist of a large-capacity collection box, a

~vacuum pump, and an air filtration system - Some  vacuum systems have been
~modified for use with asbestos materials. - Conventional vacuum trucks,

however, may not be suwtab]e for asbestos use because they do not have the
necessary HEPA f11ters performance mon1tor1ng systems, prov1s1ons for

~automatic shutdown, and design characteristics to fac111tate controlled

disposal of asbestos waste and decontam1nat1on or to minimize fug1t1ve

_emissions. 51

Mobile vacuum units are not used extensively by contractors because of

‘their h1gh initial costs and quest1ons regard1ng their cost effective-

ness.52 However, when operated and equ1pped proper]y, such units have the

potent1a1 to: 7
e Make the co]lect1on of asbestos rap1d and simple.
. 'Quick1y,remove the,contamination'source‘from_the,work‘area.
e Maintain a relatively negétive pressuré in the wdrk‘area;

« ° Reduce the personne] required to co]]ect and d1spose of the as-
bestos.

* Units can be used in high-rise asbestos removal Jjobs because severa]

hundred feet of piping can be used with the vacuum unit.
Potential problems with mobile vacuum systems that can result in
release of asbestos fibers into the atmosphere include:

e  Disconnection of vacuum hoses
e Rupture or improper installation of fabric filter bags
. Use of relatively low-efficiency air-cleaning devices
. Use of asbestos-contaminated vatuum'systems for nonasbestos jobs
. Fi]ter'bag replacement v '
. Poorly sealed doors or ta1lgates unwelded seams, loose fitting
joints, and leaky receiving chamber, which allow fugitive
emissions dur1ng use or transport to disposal site

. Dumping of 1nadequate1y wet asbestos,at the disposal site.54
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when LEV and co]]ect1on systems are used in lieu of wetting as perm1t-
"ted by the NESHAP, visible em15510ns from such systems are not permitted or
the NESHAP' s des1gn and operat1on requirements for air cleaning must be
o met. From a pract1ca1 standpoxnt that NESHAP's equipment specifications
(i.e., air flow permeab111ty, max1mum pressure drop, and fabric we1ght) are
'anot app11cab1e to small portable vacuum systems because, typically, the1r
filtering systems differ from baghouses found in asbestos milling,
manfacturing, and fabricating plants, for which the specifications were
intended. Mobile truck- and trailer- mounted vacuum systems however, fre-
‘quently use small baghouses and would likely be capable of meeting either
the no visible em1ss1on 11m1t or the spec1f1cat1ons for air- c]ean1ng equip-
‘ ment . : :
Instead of tubular fabriC»bags, small, portab]e‘vacuumrc1eaners typi-
cally useya.series of paper, cloth, or fiberglass or nylon filter pads and
- bags, including HEPA filters. Consequently, these units are more effective
than baghouses. Manufacturer specifications for portable vacuum systems '
“include container capacity. (ga11ons) motor size (horsepower), suction
pressure. (1nches or mercury), air flow (cubic feet per m1nute) etc.
Although one manufacturer offers an opt1onal manometer for its vacuum
cleaners, it does not give numerical pressure drop readings but indicates
when the main filter needs to be cleaned. Portable vacuum cleaners can.
‘meet the no visible emission limit easily. During tests on such systems,
emissions were not evident in the exhaust even when disposable bags rup-
tured during use. This absence of emissions was believed to be due to the
extensive filtering system in the vacuum cleaners.3> |
& "~ 4.2.1.3. Negative Pressure/HEPA Filter System. Small, portable
~exhaust ventilation systems (genérally referred to.as‘negative-pressdre or
negative-air systems) are commercially available and have been used by
contractors in many renovations. These systems use HEPA filters preceded
- by one or.more prefilters to filter exhaust air. Portable systems have
nominal rat1ngs for moving up to about 60 m3/m1n (2,000 ft3/min) of air
under clean f11ter cond1t1ons Actual volumes under average operat1ng
conditions are nearer 30 m3/min (1,000 ft3/min). 56 portable negative-
pressure systems were evaluated for EPA in 1981, and unless noted otherw1se
“the following. d1scuss1on of such systems is derived from the report of that
work 57 ’ ‘ '
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‘To. determine the number of EXhaust'units needed for a project, the
volume of the WOrk area,(cubic feet) is divided byethe recommended
frequency of air change (time for one air change in minutes) times the
. capacity of the unit (cubic feet per minute). The EPA recommends, as a
- minimum, four air changes per hour or one air change every 15 minutes.58
* The equipment generally is located atyflebr level and vented to the outside
through windows or doors. The static pressure differential maintained
across the barrier is usually low and variable (about~0.02 to 0.04 in.

- wg),59 but can be easily measured with the use of a Magnehelic gauge. o

Smoke is used to visualize air flow patterns, to check barrier integrity, |

.and to verify that the work area is negatively pressurized This smoke' o

'testing, as well as static pressure measurement is a recommended and

reliable method for testing negat1ve pressure systems '
Exhaust air on these negative- pressure systems typ1ca]1y is cleaned by

one. or more pref11ters.fo1]owed by HEPA filters. Whenever possible, the

4 Cleaned. exhaust should be vented to the outside and away from any occupied

- areas rather than back into the building. 60 The practice of venting 7

exhaust units to adjacent areas general]y is not recommended because the _

: poss1b1]1ty of a filter failure cannot be eliminated. A]ternatwve]y, Tong,

flexible ducts can be used to vent the air d1scharge through the enclosure

opening to the outside of the building. Exhaust units can be located

. inside the enclosed work area with only the exhaust duct vented through the

* barrier, or they can be Tocated outside’the work area,with only the grilt .

" face in the work area. The duct or unit is sealed to the‘barrier with duct

'tape;r Either configuration is acceptable, assuming all filters are

,accesS1b1e through the gr111 thereby containing any contam1nat1on

generated during filter changes or maintenance in the enclosed work area.

Negative-pressure systems have been used during dry, manual removal
. operations to maximize fiber containment and reduce fiber levels in the
2 work area. However, wet methods are recommended for all cases unless there
-« are problems with freezing or equipment damage. Monitoring data
« demonstrating the effect1veness of dry systems.show the system eff1c1ency
to be 99.207 percent.6l Frequent changes of prefilters are necessary to
# maintain the eir-handling.capac1ty of the exhaust units and to keep the
- work area negatively pressurized, | ' :
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Powered exhaust units'vary in design and safety features. One system
features automatic shutdown in the event of an abnormal pressure drop
across the filters, a ye]]ow warning light to. indicate dirty filters, and a
green- 1ight to indicate normal operation. Some systems rely so]e]y on
operator observat1on to determ1ne if they are functioning adequately. Some
units have e]apsed -time indicators to record the hours of operation and
t1mers that allow the un1ts to run for a preset per1od and turn off

automat1ca11y ’
B For large-scale abatement projects; where the use of a larger
capac1ty, spec1a11y des1gned exhaust system may be more practical than
several sma]]er units, the fan should be appropriately sized according to
the proper load ‘capacity estab11shed for the app]1cat1on,'i.e.:

: 3
Tota] ft /min'(]oad) Vo]ume of a1r68nmfﬁlh¢ air changes/hr

‘In some instances, mob11e vacuum systems can be used in conjunction
w1th an enclosure system to maintain negative air pressure in the work
- area. This procedure could be used where space in the work area is
‘insufficient for the negat1ve pressure equ1pment A vacuum line could be
run several hundred feet from the work area to the mobile vacuum unit.

Enc]osures (conta1nment barrxers) may be requ1red to provide a work
- space that can be kept under negative pressure when space exhaust
 ventilation is used. Containment barriers also can physically reduce
'm1grat1on of asbestos fibers beyond the work area as indicated by the fiber
‘counts presented in Table 4-13. Plastic (po]yethy]ene) ‘sheets commonly are
used to construct an enclosure or conta1nment system. The work area should
be 1so1ated by sealing off all of its open1ngs and fixtures including
heat1ng and ventilation ducts, doorways, corridors, windows, skylights, and
11ght1ng with plastic sheeting taped securely in p]ace Double barriers of
p]ast1c sheet1ng should be built at all entrances and exits to the work
area so it is always ‘closed off by one barrier when workers enter or exit. »
A1l floor and wall surfaces in the work area should be covered with plastic
sheet1ng taped securely in place ‘Where wall surfaces are smooth and
nonporous the wall covering may not be necessary for protection. Asbestos
f1ber accumu]at1on can be removed by HEPA vacuum equipment or wet cleaning
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TABLE 4-13. INHIBITION OF ASBESTQS MOVEMENT
BY POLYETHYLENE BARRIERSOZ

Mean fiber counts (f/cm3)
: , . ' A Inner room -~ Middle room ‘Outer room
< Removal method o (demolition) “(entry) (staging)

Dry | 4.4 64 2.0
| Amended -water - 8.2 2.0 - 0.0-

" Source: Sawyer, R. N. Asbestos Exposure in a Yale Bu11d1ng Environmental
Research. -13:146- 169 1977. : o
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dur1ng cleanup, as appropriate. Where surfaces are porous and irregular
and are not going to be altered, plastic sheetwng should be used to protect
them. A tape shou]d ‘be used that can seal Jo1nts of adjacent sheets of
plastic and can attach the p]ast1c sheets to finished or unfinished
surfaces of d1ss1m11ar material and capable of adhering under dry and wet

conditions. It may be advisable to cover the floor with two layers of 6-
m11 p]astlc that extends up the walls to overlap the sheeting there.

For jobs 1nvo]v1ng small amounts of asbestos, or where the asbestos is

not in a room that can be enclosed easily, an enc]osure may have to be
constructed around the work area. Enclosing a small area within a larger
structure and using ‘wood studs for the frame and p]astlc or plywood for the
~walls can prevent the need to prepare and restr1ct large areas. Ffor ta]]
unsupported outdoor structures, it may be necessary to use scaffo]d1ng as
the frame to which plastic sheeting can then be attached.
4.2.1.4 Glove Bags. Another control method that 1nvo]ves enclosures

is the glove box or g]ove bag technique. Asbestos insulation may be
stripped from small sect1ons of pipe or other small areas through glove box
- or bag techn1ques ~ Glove boxes and bags have the advantage of isolating
"the’worker from exposure to asbestos fibers and are an alternative to full
room conta1nment when only small areas are affected. Glove boxes are
c]ear sided containers with g]ove attachments constructed around surfaces
from which asbestos mater1a1s will be removed. Construction of glove boxes
is performed during site preparat1on Glove bags are clear bags with glove
attachments and openings for inlet air, air filters, tools, and wetting
~applicators that can be sealed around surfaces from which asbestos

 materials will be removed. Glove bags are commerc1a1]y available and others -

can be manufactured at the job site.

General guidelines for the use of glove box and bag methods include
maintenance of the containment before and during removal, inspection of the
seals during removal, and recognition that staging or other support may be
‘required. Removal methods in which glove boxes or bags are containment
options require spec1f1cat1on on fabrication, installation, use, removal,
and repair. o o |

~ Fabrication of glove bags (boxes) requires consideration of the Jjob,
spatial constraints, type of materials, and how the materials can be put
together. Material required for fabrication includes the following:
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e - Plastic regﬁ]ite—-sheeting used as the basic material in bag
fabrication, 6-mil thick, clear, and fire retardant

. Tape, double backed--1-inch width, used to sea],seams’on bag

. Contact cement--used to apply trash bag to glove bag (Armstrong
520) ’ - :

e Duct tape--standard 2-inch-width tape

‘. Rubber g]oyes--uhlinedrfubbér fndustria1~gloves
R Appropriately labelled trash bags

. SciSsors-4fdr cutting sheeting

. Brush--to apply contact cehenf.

The materials that function as containment barriers should be transparent:
so removal can be observed and inspected. Some materials that have:been

“used are polyvinyl chloride (PVC), herculite, regulite, vinyl, or poly-

“z'ethylene. Lining barrier materials with heat-resistant materials at points
- and edges that touch hot surfaces may be required. Limiting the areas of

-@ontact is recommended. A1l seams should be sealed to contain asbestos
“fibers adequately. Glue, heat, velcro, zippers, and thread may be

e

~applicable. Sleeves for gloves and waste disposal are necessary, but
- sleeves for air inlets, filters for exhaust, wetting agent applicators,
% etc., may be desired. '

Installation requires: supporting and Securing the bag (box) in the
position that provides‘opfima] use. Gloves and filters are attached to
sleeves during installation. A plastic ring can be slipped over the sleeve
and a portion of the sleeve is folded over the ring to attach the glove.
The upper portion of the glove is folded over the sleeve fold and é,rubber
ring placed over the*g]oYe, sleeve, and plastic ring to secure the glove

< opening.

Hot surfaces ihat will come'in contact with the bag (box) should be

- covered With'héat-resiStang'material, and all unused sleeves should be
#sealed. Tight'seals should be made around all bag openings with tape. “For
~ example, openings around piping may be sealed by wrapping'the sleeve around
““the pipe with 1/8-inch soft rubber, tape, and a hose clamp. Hoses or.

applicators such as for a wetting agent should be installed asrneeded.
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1t is best to put on cotton or cloth gloves before the bag gloves so
the bag g]oves (rubber) slide off easily. If the bag must be opened, it
should be kept under negative air pressure by use of a vacuum. The sides
or walls of the bag (box) should be kept clean; water may be used to wipe
them down. Waste should be passed through the waste sleeve as work
_'proceeds. : : o S
For glove bag (or box) removal, all waste and loose dust should be
removed from inside the bag (box) through the waste sleeve. The vacuum

should be operating while the bag or box is removed. With the vacuum
runn1ng, hoses, applicators, lights, or tools that may be attached to the
bag should be removed. The glove bag shou]d be placed in a clean plastic
bag until thoroughly cleaned in. "a properly ventilated, exhaust filtered
area. If not reusab]e the bag should be disposed of with other asbestos
waste.
» Holes and tears in the asbestos bag may be repaired w1th cloth-backed
~tape or with a strip of barrier material prepared with a silicone adhesive
transfer tape. Drying time is necessary before work is resumed.

Surfaces sizes and shapes 1imit the feasibility of using g]ove bags
(boxes). Asbestos removal from steam’ pipes may also require special
methods other: than bag (box) containments. _ :

- 4.2.1. 5 Controls for Nonfriable Materials.

- 4.2.1. 5 1 Controls. The current NESHAPrru1e does not require removal
of nonfriable. asbestos- containing packings, gaskets, resilient f]oor'
covering, or aspha]t roofing products prior to demolitions, but does
regu]ate work pract1ces that could result in emissions. For example,

47 sanding, cutting, gr1nd1ng, or abradlng of these mater1a1s must be done wet
and the waste produced must be treated as asbestos waste. Dry sanding,
buffing, or other activities that would result in significant fiber would
be prohibited. Nonfr1ab1e mater1a]s such as asbestos-cement sheet, that
~would be crumb]ed pu]verlzed or reduced to powder as a result of
demolition or renovation forces must be removed according to the NESHAP
work practices, which include wetting of the nonfriable material, placement
in leak-tight containers with proper labels, and transport of the asbestos-
containing waste to a NESHAP landfill. 1In addition to the NESHAP, OSHA and
the Asbestos Hazard Emergency Response Act of 1986 (AHERA) both regulate
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the removal of nonfriable materials. ~OSHA regulations require negat1ve
pressure enclosures be installed whenever feasible.

Currently ava11ab1e techniques for tile removal 1nc1ude manual
chipping with chisels and paint scrapers, although this method is being
rep]aced by mechanical scrapers, steel shot blasting machines, infrared
~radiation equ1pment and high-pressure water blasting. 63  Manual ch1pp1ng
.commonly involves the use of long-handled paint scrapers. - To make remova1
by chipping easier, contractors soak the tiles in water or amended water to
loosen them ffomvthe floor. Water is not,recommended when the tiles are on
-wooden floors. The application of dky ice cen‘provide a quick and simple
means of "popping” floor tiles so that they can be removed easi]y.' A
disadvantage with the dry ice method is that it can result ih'an oxygen
~ deficiency in the area where it is used. Another‘method involves heating
‘the tile with a heat gun. This loosens the tile adhe51ve (mast1c) and '
makes removal easier A d1sadvantage of the heat gun method is that the
~heat can result in vapors be1ng generated from the tile or mastic that are
.potentially harmful. 64
7 A mechanical steel shot-blaster that was developed for use by the U.S.
Navy to remove the coating on f]jght decks of aircraft carriers has provenvr’

‘to be effective for removing asbestos floor tile and mastic. The shot-
b]aster consists of a wheel spinning at a high rate of speed. Steel shot
<is fed into the center of the wheel and is pushed outward at high speeds by
.centr1fuga] forces. The shot impacts the floor surface and "blasts” the

tile and mastic away.65 Portable shot blasters are used to “"pulverize" the
mastic using steel shot. These devices can reduce the labor and time
requirements over manual methods. However, thesefunits are expensive and
must be used and maintained by trained operators to remove the mastic
properly and safeTy without damaging floor surfaces. This method cannot be
rused oh‘wood floors or other soft surfaces that”might be easily damaged
+Some asbestos consultants have been reluctant to use this "dry" method of
~removal or have been concerned about equipment contamination.66

Another removal techn1que for floor tile removal uses. 1nfrared
- radiation to loosen floor tiles. The infrared radiation breaks down the

:vchem1ca1 bond formed by the adhesive with the surface by causing the
- - adhesive and tile to heat up. Thp'infrared'removal‘eqUipment uses a high-
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,1ntens1ty 1nfrared source that is conta1ned in a protect1ve cover1ng The
machine is rolled over the floor tile surface, leaving the tile loose to be
easily removed. The mastic is still in place and must be removed.67

A mechanized approach to the manual scraping/chipping method involves
the use of a machine with rotating or reciprOcating biades to remove the
tile. Steel blades are rotated at high speed or moved back and forth to
knock the tile away from the surface. An integral vacuum system sucks the
‘dust and loose tile p1eces into the co]lector 68 Depend1ng on the
condition of the tile and mastic and the depth of the chipping action, it
'may be necessary to remove the remaining mastic material.

High- pressure water techno]ogy, used in the asbestos abatement
bus1ness for quite some time, also can be applied to floor tile removal.
Newly deve]oped h1gh pressure water systems have overcome one of the major
drawbacks to their use by reduc1ng the quantity of water that is needed.
However, the potent1a1 for property damage from the water exists and the

‘;'mast1c may not be removed by the high- pressure. water method. 69

Most tile removal methods leave the floor tile mastic attached to the

.subfloor Frequent]y, the mastic also contains asbestos. Early removal
methods 1nc1uded the use of industrial sanders or gr1nders to physically
separate the mastic from the floor. Other available removal methods
include the use of burning torches or infrared heaters to heat the mastic
to soften it for easier removal with hand scrapers These methods are™

~often time- consum1ng and 1abor-1ntens1ve and may pose health,vsafety or
fire risks./0 s ‘ S

‘ The most preva]ent and popu]ar method of mastic remova] today uses
chemical mastic removal solvents. These materials dissolve the mastic -
although some physical agitation may be required. Product1v1ty is
typica11y increased and the time necessary to complete the job is reduced.
Chemical removers can also, if properly selected and applied, produce more

'thorough and comp]ete results than manual methods without chemicals.’l
These materials can typically be app11ed with hand sprayers, mops, or

‘squeegees d1rect]y from 5-gallon pails or 55-gallon drums. ;

Commercxally available mastic removers fit into one of three genera]

<'product categor1es (1) petroleum distillates, (2) nonpetro]eum products,
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and. (3) b]ended products 72 ‘petroleum d1st111ates are relatlvely
inexpensive, but effective, solvents. Aromatic hydrocarbons are listed by
OSHA as hazardoustsubstances, primarily because of their effects through
inhalation. Examples of aromatic hydrocarbons found in commercially
" available mastic removers include naphthalene (threshoid lTimit value [TLV]
of 10 ppm) and 1,2,4-trimethylbenzene (TLV of 100 ppm). Use of‘ch1orinated
‘petro]eum distillates, which may pose more serious health hazards--
inc]udingVSkin’ blood or central nervous system disorders--should be
avoided wherever p0551b]e Examples of such chemicals would be methy]ene
~ chloride (also a suspected carc1nogen) and trwchloroethy]ene ' '

Nonpetroleum products are usually the citrus-based removers formulated
from the crushed peels of oranges and other citrus fruits. These products
which are typ1ca11y more expensive to produce than petro]eum derivatives,
are effective mastic removers. The natural, b1odegradab]e solvents
produced, particularly those made from concentrated "first run" citrus -
materials, react strongly with many: petro]eum based mastics. These
- removers typ1ca11y have a strong orange or citrus fragrance. -However, for
some mastics, the citrus solvents do not work or require add1t1ona] time
and/or agitation to release the mastic. '

Some mastic removers use a "blend" of petro]eum and’ nonpetro]eum -
(usua]]y citrus) solvents. The resu1t1ng products are typ1ca]1y less
potent and slower acting. than pure citrus solvents but are also genera]]y
- less expensive. These blends usually "mask" the petroleum solvent odor
 with a citrus fragrance. Citrus solvents are also blended by'a few
manufacturers to produce a product with a higher f]ash po1nt Pure citrus
extract has a f]ash po1nt in the v1C1n1ty of 49 °C (120 °F). 73

When removing sheet vinyl flooring, the Resilient Floor Covering
| Institute recommends that the flooring be cut into strips and rolled into a
tight roll with the face out. The roll should be tied or taped so it will.
not unroll and then placed into a bag.”4 They also recommend vacuuming the
exposed floor with a HEPA-filtered vacuum. The felt backing should be
wetted with amended water prior to rolling up the strip. This procedure
can be done for the entire floor area. Where any of the felt backing has
‘adhered to the floor, it should be wetted with amended water and scraped up
and put into a bag.”5 The floor should be cleaned with a HEPA vacuum

cleaner.
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, ASphalt roofjng materials include a variety of products, such as
roofing felts, mastics, and base flashings. The potential for fiber
release occurs when roofing workers cut, saw, or tear roofing materials.
Methods emp]oyed dur1ng roof remova]s include the use of a shrouded roof
cutter. with contro]]ed wetting or m1st1ng at the point of the cut.
“Attempts to use roof cutters in conjunction with local exhaust ventilation
have been unsuccessful because the HEPA filters clog easily and require -
frequent filter changes. 76v Roof cuttings should be collected and bagged
for d1sposa1 A1rt1ght chutes should be used for transport1ng 1arger
sections of rooflng to a truck or dumpsters :

Nonfr1able pack1ngs and gaskets are found in conJunct1on with va]ves
p1p1ng, or equ1pment Removal of gaskets and packings are usually

ssoc1ated with small- scale operations. Such operations can often be

performed us1ng glove bag techn1ques. The methods are described in Section
4.2.1.4 of this chapter. ' S

The degree of control necessary for these and other nonfriable
mater1a1s such as asbestos cement products depends in part on the
condition of the material and the removal methods. Nonfriable materials
that are in good condition and can be removed essentially intact require -
m1n1ma] dust suppress1on efforts ‘such as wetting. However, if the

nonfr1ab1e mater1als are in a. deter1orated state or the forces that w111 be .

—exerted upon them are 11ke1y to crumble, ‘pulverize, or reduce them to

powder, dust suppress1on efforts would be needed or steps would need to be -

~ taken to avoid having the mater1a1 crumbled, pu]ver1zed etc. This is
often necessary for nonfrlable asbestos-cement products in structures that
will be demolished where the asbestos-cement is usua]ly removed prior to
demolition. ' E . : ' RE

4.2.1.5.2 Fiber release data In a study performed by GCA

| Corporation for the Office of Pesticides and Toxic Substances,’’ the fiber
re]ease potential of certain asbestos products during secondary processing
(fabrlcatwng) and end use 1nc1ud1ng removal, were investigated. In some
instances, a1rborne asbestos fiber concentrat1ons associated with such
activities were reported The ‘information presented in the report was
compiled from an extensive survey of pub11c1y available data and telephone
interviews wwth manufacturers, secondary processors, d1str1butors and end
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users of asbestos- conta1n1ng products 78 Ana]yt1ca] methods included phase
contrast microscopy (PCM) and scanning electron microscopy (SEM) used in
conjunction with an energy dispersive x-ray (EDXR) spectrometer. Table
4-14 summarizes the fiber concentration data. for removal operations
“associated with the various product categories with the exception of the
A/C sheet category. Fiber release data were not found for A/C sheet
removal activities The fiber concentration data shown for A/C sheet are
for secondary process1ng and end use activities. :

Fiber concentrations associated with removal of v1ny] asbestos floor
tile, sheet vinyl flooring backed with asbestos flooring felt, built-up
roofing, pack1ngs and gaskets and roof1ng felt were a]] below. 2 f/cm3 with

one exception in the sheet v1ny1 f]oor1ng category (2.17 f/cm3) “‘Most
concentrations were below 1 f/cm3. The highest concentratxon! 2.17 f/cm3,”
was recorded during the dry scraping of an asbestos felt layer of 6-yr-old
sheet Vinyl flooring covering. The authors of the GCA study noted that dry
scraping is not the recommended work practice of the Resilient Floor
Cover1ng Institute. The only other fiber concentration greater than 1 .
f/cm3 (1.2-1.3 f/cm3) occurred during the removal of vinyl-asbestos floor
tile. Removal of the floor tile was done by the belt sand1ng of old floor
tile and was performed under 1aboratory conditions in a 10 x 12 X 7 foot
walk-in chamber.

The higher fiber concentration for removal of the floor felt is
“expected because the felt contains a higher percentage of asbestos (85
percent) than the tile (8 to 30 percent) and is not as structurally
cohesive as the tile.80 The low fiber counts for floor tile in the GCA
study are consistent with the results of other tests performed on vinyl
floor tile, which showed that even when broken into small fragments,
analysis by PCM failed to detect any airborne fibers.81

In another test, Arthur D. Little, Inc., was asked to measure airborne
- asbestos levels during the removal of Tremply 120, a roofing material
:COnsisting of sheets of encapsulated asbestos bonded to a heavier syhthetic :
overlay.82 The removal site was the roof of a manufacturing facility. A1l
of the monitored exposures were below OSHA's action 1eve1 of 0.1 f/cm3 and
the mean 8-hour time-weighted average (TWA) exposure was 0.017 + 0.010
f/em3.  The data are reported in Table 4-15. The investigator reported
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TABLE 4-15. EXPOSURE MONITORING RESULTS FROM
REMOVAL OF ASBESTOS ROOFING PRODUCTS3

N Samp]é ‘ Sample Duration Concentration
number - descriptiond - (min) (f/cm3)b
1 Roofer #1, Day 1 380 0.036
2 e bRodferv#B, Day 1° 3N 10.012

7,3 : Roofer #2, Day 1 373 0.016

' 4A" Blank, Day i | - ND

5 ‘Blank, Day 2 o 7 i ND
6 Blank, Day 2 e ND
7 Roofer 42, Day 2 305 0010
g Roofer #1, Day 2 | 329 0.016
9 Roofer #3, Day 2 33 0.006

ND = none detected.

apl samplés are persbna1 breathihg zone‘samples taken on employees of
" Tremco's removal subcontractor, Roofing Technologies of Schenectady, NY,

_on May 2, 1988 (Day 1) or May 3, 1988 (Day 2).

bConcentration reported as total fibers, including asbestos‘anddndnasbestos
- fibers, per cubic centimeter of air and calculated as an 8-hour time-

weighted-average exposure.

Source: O0'Leary, C.C. (Arthur D. Little, Inc.)} Regulatory Implications of
L the Removal of Tremply 120 Roofing Material. Report submitted to
“Hahn Loeser and Parks (counsel to Tremco, Inc.). June 28, 1988.

8 p.
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. that the results probably overestimate actual exposure levels because the
~NIOSH PCM analytical method does not discriminate between asbestos and
~ nonasbestos fibers and sources of'nonasbestos fibers were present at the
removal site. ‘ e ' o ,
; In ahothervstudy; five separate femova1 methods for vinyl-asbestos
floor tile (VAT) were reviewed in relation to their potent1a1 to release
asbestos fibers. 84 In addition, the study tried to compare . ana]yt1ca1
results using PCM as well as transmission electron microsCOpy (TEM). A
~ major discrepancy between results of side-by-side samples analyzed viavPCﬁ
- and TEM was noted. The TEM analysis method revealed substantially more
asbestos fibers in the wbrkp]ace air, although sample analysis results were
hampered by some project design flaws. Results are summarized in Table
4-16. Us1ng the dry ice removal method, the area sample results were 0.05
f/cm3 by PCM and 1.29 f/cm3 by TEM. The hand scraping method resulted in
0.01 f/cm3 by PCM and 0.33 f/cm3 by TEM for area samples. The TEM analysis
. of area samples for the mechanical chipping'methbd yieldéd 3.77 f/cm3.
.;Nearly all of the personal air samp]es and severa1 of the area samples were_
" flawed and could not be analyzed. _ , ' _
_ A report sponsored by the Resilient Floor Covering Institute and three
- manufacturers of floor covering analyzed fibérrexposures'to floor mechanics
Vjand'supervisdry personnel during floor tile removal conducted pursuant to
. work practices recommended by the Resilient Floor Covering Institute and by
‘-Armstrong World Industries ("Recommended Work Pract1ces") 86 Based on a
total of 21 exposures measured according to procedures specified by OSHA,
the average TWA is approximately 0.031 f/cm3. The 95fpercent upper
confidence limit for all removal operations is approximately 0.09 f/cm3.
Evaluation of the samples by TEM revealed that most of the fibers counted
were not asbestos. The mechanics' personal monitoring results are
1 présented in Table 4-17. These data have not been adjusted for blanks or
- backgroundrconcentrations, nor have 8-hour TWAs been computed. This
 1tabu1ation shows that (1) the TEM counts are uniformly below the PCM
. counts, often by a factor of 10 or more, and (2) in about a third of the

' . cases, no asbestos at all was detected by TEM.

Congoleum Corporation conducted a sheet vinyl flooring removal
according to recommended work pract1ces to determine worker exposure tab]e
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TABLE 4-16. MEASURED AIRBORNE FIBER CONCENTRATION FROM
" 'REMOVAL OF VINYL-ASBESTOS TILESS

v Hand Mechanical
Dry ice Flooding Heat scraping - chipper

‘Average size of 3x4  1/2x1/2 9x9%  1/4x1/4 1/2x1/3
fragments (in.) - o s '

Personal air samples

PCM (f/cm3) 3 * * * | | 0.01 *
"TEM (s/cm3)r Bt * * Overload - *
Area Samp]es »
CpeM (f/emd) . 0.05  Overload  * - 0.01  Overload
TEM (s/cmd)  1.29 Overload * 033 3.77

Insuff1c1ent samp11ng time.

Source: DeLisle Assoc1ates Ltd. Evaiuat1on of A]ternat1ve Remova] Methods. for
Vinyl Asbestos Floor Tile. Kalamazoo, MI. September 1988. 22 p.
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TABLE 4-17. SUMMARY OF PERSONAL MONITORING RESULTS FOR FLOOR
MECHANICS DURING REMOVAL. OF ASBESTOS-CONTAINING FLOOR TILES -
" PURSUANT TO RECOMMENDED WORK PRACTICES87

~Source:

: Concentration (f/cm3) :Duration_ _
“Site No. PCM - TEM (asbestos) (min) _ ~ Comments
1 0.0  0.003 380 |
0.011 0.0031 321
2 0.052 <0.0032 346 No asbestos by TEM
. 0.026 0.0056 348 o -
3 0.23 . 0.0184 127
0.091 0.0404 © 130
0.11 ©0.0097 132
4 0.051 0.016 BEBEY, T |
0.035 <0.018 118 No asbestos by TEM
5 0.20  0.026 101 | B |
-~ 0.15. <0.012 101 No asbestos by TEM
6 0.058 <0.013 79 No asbestos by TEM
0.18 <0.017 - - 79 No asbestos by TEM
0.075 0.024 - 90 o
0.063 ~ <0.016 ' 88 " No -asbestos by TEM
0.18 . 0.021 | 52 T
0.081  0.025 54
7 0.023 0.019 o218 o
S 0.33 <0.0063 - 272 No asbestos by TEM
8 0.093 ~0.0097 o141
~ 0.096 £ 0.0075 157 | |
9 0.054 <0.0065 198 No asbestos by TEM
0.034 <0.0064 , 197 . No asbestos by TEM
10 0.076 0.0066 191
0.041 0.0065 . 194
Environ Corporation, Analysis of Measurements of Airborne Fibers

‘During Removal of Resilient Floor Tiles Using Recommended Work
Practices. Prepared for Resilient Floor Covering Institute and

others. December 15, 1988. : _ 7 ,
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leve]s 88 Dur1ng remova] of sheet vinyl f]oor1ng from a 12-ft by 12- ft
room, fiber concentrations ranged from 0.0136 f/cm3 to 0.0256 f/cm3 for the
" two mechanics removing the flooring. E1ght =hour TWAs for the two mechanics
were 0.0072 f/cm3 and 0.008 f/cm3 (See Table 4-18).
_ " The removal of vinyl-asbestos floor tile from a school built in 1955
'was the subJect of a recently pub11shed study 89 pifferent removal methods
were evaluated to determine which method was the easiest, most economical,
and safest. The work areas were . sealed with po]yethylene sheeting to
prevent contamination of areas outside the work area. The work areas were
not kept under negative pressure in order to simulate the type of air
_circulation that would normally be encountered by removal personnel in an
unprotected environment during vinyl-asbestos tile removal. Tiles were
removed using either a hand bumper or mechanical bumper and using mixtures
with various ratios of water to'encapsulant and water to surfactant, in
addition to dry removal. Upon removal from the f]oor all tiles were
p]aced'immediate1y in bags. Mon1tor1ng was performed pr1or to and

following removal using aggressive samp11ng methods Air samp]1ng was also

- conducted dur1ng tile removal. Air samples were analyzed using both PCM
~and- TEM. - The PCM results for floor tile removal were typically 0.01 f/cm3
or less due, according to the authors, to the small size of the fibers
present. TEM results ranged from 0.015 f/cm3 to 1.21 f/cm3 in the work
area during removal. Results from this study are presented in Table 4-19.
The results presented are for dry removal of vinyl-asbestos floor tile, and
removal using different mixtures of water and surfactant, and water and
encapsu1ant k. : .

 The GCA report did not contain fiber concentration data for the
removal of A/C sheet products. . Fiber levels shown in Table 4-19 are those
associated with A/C sheet fabricating and end use (insta]lation) '
activities. A]though these concentrations do not represent concentrations
resuTting from removal activities, they serve to illustrate the effects of
applywng varying levels of mechanical energy to A/C materials. Power tools
increase the likelihood of fiber release because of their pulver1z1ng
‘ “effect on the material; the use of hand-operated tools does generate dust,

~but the particles are coarser (and settle to the ground faster) and the

amount of physical energy applied is well controlled.9! The highest levels
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TABLE 4-18. SUMMARY OF PERSONAL MONITORING RESULTS FOR
FLOOR MECHANICS DURING REMOVAL OF ASBESTOS-CONTAINING
SHEET VINYL FLOORING PURSUANT TO RECOMMENDED WORK PRACTICES

Concentrat1on Duration AR 8-hr TWA
| (f/em3) (min) , (f/cm3)
Mechanic 1 0.0236 R - T 0.0072
i 0.0136 119 | |
Mechanic 2 0.0256 s 0.0081
| - 0.0166 , 118 | |

Source: - Congoleum Corporation. Air Monitoring Study--Sheet Vinyl Flooring
~ Removal, October 1988.- Trenton, NJ. March 1989.

TABLE 4-19. AIRBORNE FIBER CONCENTRATIONS MEASURED
DURING REMOVAL OF VINYL ASBESTOS FLOOR TILESO

Remova1 method ; ' Fiber concentration (f/cm3)e
Dry removal . | - _
“Mechanical bumper o » 0.32
Mechanical bumper NAD
Hand bumper o o  NAD
Wwater and encapsulant L S
5:1 ratio DRI ' 0.015
15:1 ratio ' : 0.13
30:1 ratio ' 0.06
Water and surfactant B :
5:1 ratio . o ' : 0.08
15:1 ratio = - v oo 0013
30:1 ratio ' ' ' 1.21

aAnalysis by transmission electron microscopy.
bsample could not be analyzed due to overload1ng

- Source: Crand]emere R. W., K. P. McCarthy, and A. B. G1nsberg Asbestos
Floor Tile Removal Techn1ques Asbestos Abatement.  September/
October 25 33. 1988. o E
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reported were those measured ‘under laboratory conditions. A/C sheet was
vsubJected to d1fferent field fabricating activities in a glove box test
chamber; results ranged from 1.1 f/cm3. for scoring to 259 f/cm3 for sawing.
Because these tests were performed in a confined, nonvent11ated chamber
resulting 1n fiber accumulation, these concentrations do not represent
levels that would be found under actual field cond1tlons The GCA report
: conta1ned the results of another study in which fiber concentrations ranged
from 0.6 to 41 f/cm3, with a mean of 20 f/em3, for activities that involved
the grinding of A/C sheet. These activities were conducted outdoors with
measurement done using PCM. The other studies identified in the GCA report
were conducted us1ng power tools equipped with Tocal exhaust p1ckups
A project at a military installation was conducted to determ1ne ‘the

extent of asbestos f1ber releases while using ‘different exper1menta1
techn1ques to remove nonfriable asbestos cement siding. 92  The major.
terest was in determ1n1ng the acceptability of a mechantzed approach to
~ remove asbestos/cement 51d1ng from bu11d1ngs Machine remova1 of
asbestos/cement siding was “accomplished using a fork11ft with a mod1f1ed
~ bucket, along the front edge of which was a steel blade. A total of 133
samp]es were collected for ana]ys1s by PCM to reflect airborne fiber
concentrations in association with the various methodologies used to remove
asbestos/cement siding. The majority of all samples collected were below
the detectab]e limit: however, the detection limits themse]ves were very
Tow for all areas sampled. Although the detection limits were somewhat
‘higher for the personal samples, the total fibers collected on personal
~samples were very low. - The results are summarized in Table 4-20. Of these

results, the on]y ones of surprising interest are those for transite
removal, which indicated a higher fiber concentration when removed wet or
dry. The authors explained the higher results associated w1th transite
removal by differences in the transite manufacturing process. More
spec1f1ca1]y, nonfriable transite materials are manufactured from pressed

- asbestos whereas asbestos, fibers in asbestos/cement siding are larger and
 more t1ght1y bound to the mater1als during the manufacturing process. - The
“authors also noted that the techniques used for evaluating airborne fiber
concentrations were those of PCM, which allows for counting of all fibers,
both asbestiform and nonasbestiform. The authors thought it likely that,

)
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TABLE 4-20. AIRBORNE FIBER CONCENTRATIONS MEASURED DURING

~ REMOVAL OF ASBESTOS/CEMENT SIDINGSS

. Site and removal procedure

Samp1e type

‘Average

concentrat1on (f/cm3)a

Enclosure 1

<0.024 =

Personal

Machine removalb--heavily wetted ~ Personal
Area 0.014
Hand removal--wet Personal <0.039
Enclosure 2 ' -
Machine removal--mist Personal ~<0.069
o Area - <0.007
Hand removal--wet Area 0.0043 |
~ Enclosure 3 S
Machine removal--wet Personal 0.194
' : Area 0.01
Hand removal--wet Personal <0.09
Enclosure 4 S S
Machine removal--encapsu]at1on Personal 0.017
and wet - Area 0.01
Open-air remoQa] . , T
Machine removal--wet Personal <0.03
S 7 : Area . <0.0006
" Hand removal--wet - Persoha1 <0.07.
: Area <0.001
Transite removal - _ -
Hand removal--wet _Personal 0.679
dry Personal 3.1
Hand removélc Personal 0.139
: 0.0603
‘Hand--encapsulated' <0.153

dAnalysis by phase contrast microscopy.

bMachine removal accomplished using a forklift with a modified bucket a]ong

_:» the front edge of which was located a steel blade 5 ft long and 6 in.
’ cThe report did not 1nd1cate if the removal was done wet or dry.

Source: Stan]ey Eng1neer1ng, Inc. ’
Project (DERA Project No. K060K001402).
July-August 1987.

~ Corps of -Engineers.

Bu11d1ng 611 Demo11t1on.
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‘because add1t1ona1 f1brous insulating materials were present in the form of
fiberboard and mineral wool immediately behind the asbestos/cement siding,
many of the fibers counted were nonasbestiform. : ,
4.2.1.6 Control Runoff from Wetting and Showers. As a result of
wettlng practices at asbestos abatement operations, contractors may have to
deal with excess asbestos-conta1n1ng water. A concern is that contaminated
runoff may, upon drying and if- d1sturbed result in the release of asbestos
fibers to the atmosphere. Decontam1nat1on shower facilities are also a
source. of asbestds-contam1nated wastewater. OSHA regu1at10ns [29 CFR
1926.58(3) (2) (iii)] require'shower'facilities, where feasible, at asbestds

~removal sites. : S
' Asbestos- conta1n1ng wastewater may either be collected “and dlsposed of

as asbestos waste or the water may be treated to remove asbestos fibers
before discharging the water to a sewer or a stream. Shower units are
typ1ca]1y equipped with f11ters to remove asbestos from the wastewater. »
Excess water from wetttng, however, is more difficult to contain and treat
In some abatement operat1ons lltt1e excess water is produced In North -
Carolina, for examp]e the exper1ence of the Asbestos Services Program is
“that water is rarely observed outside the work area, and the excess water
" jnside the work area is typically vacuumed up w1th ‘a wet vacuum cleaner and
disposed of along with the rest of the asbestos waste. In Reg1on X, the
-~ opposite is true as a result of efforts to thorough]y wet asbestos. The
exper1ence in that region is that excess water from wetting is typical and
water control systems are emp]oyed to collect and filter the excess water.
Water control systems may include a large funnel device to collect water
and feed the contam1nated water, usually by grav1ty, to a settling chamber
before d1scharge to a filter des1gned to remove part1c1es as small as 5 um
“in diameter. ' ~ : v e
| 4.2.1.7 Waste Handling. The careful handling and containment of
asbestos- conta1n1ng waste generated as part of demolition and removation is
also necessary to prevent emissions from the job site. The asbestos that
has been removed or str1pped must be kept wet during all subsequent
hand11ng " Asbestos waste typically is placed in bags for transport to an
acceptable disposal site. Typtca]ly, 6-mil polyethylene bags are used.
They should not be filled to capacity because the wet asbestos mater1a] is
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| heavy and may cause the bag to burst. Bags are at times placed in rigid
containers, such as 55-gallon drums, for additional protection. Bags must
be labeled according to the OSHA requirements in 29 CFR 1910.1001 and

- 1926.58. Care should be taken when filled bags are moved and stored to
aavoid breakage and disturbance of fibers. Although not required, bags of
asbestos waste should be removed da1]y or stored to prevent damage by
vandalism. . :

If it is not necessary to strip friable asbestos from structura] or
“functional members before their removal from a bu11d1ng structure and the
~ asbestos is not being stripped after removal, the friable asbestos material
should be kept wet, wrapped in polyethylene, and labeled for d1sposa1

In some instances, bagging or wrapping of all asbestos waste may be
extremely time consuming and difficult (e.g., in large demolition jobs
involving large amounts of asbestos waste materials). The dismantling of a
power plant is an example. Other methods of preparing asbestos waste for
disposal are allowable with prior approval by EPA. Bulk-handling methods
might be appropriate in'some~instances, Such methods might entail making a
slurry of all asbestos material, p]acing'it in an excavated on-site holding
, pond until job Comp]etton,_and pumping it into a tanker truck for disposal
in-a landfill. The~ho1ding pond would be filled in after removal of stur-
ry. -Such methods would require prior EPA approval. Additiona]]y, from a
piactical standpoint, a landfill that will accept asbestos waste in such a N
form should be identified prior to job initiation because, although such
dumping is not prohibited by the NESHAP, some landfills may have their own
restrictions on the form in which waste is deposited into the landfill.

Proper loading and containment of waste for transport involves enclo-
sure of waste in leak-proof containers and careful loading to prevent
breakage of containers. To prevent spills of asbestos while loading and in
transport, all bagged waste should be placed in individual rigid
~containers. At the disposal site, unbroken bags can be removed from the
rigid container and thevcontaihers saved. Broken bags should be left in
their rigid containers and placed in the landfill. If‘bags of asbestos are
placed in trucks or trailers for transport without containment in rigid
containers, the truck or trailer should be covered with a tarpaulin or

other suitable cover to reduce fugitive emissions from any ruptured bags.
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Vehicles transporting loose but nonfriable asbestos material should also
cover the waste with a tarpaulin or other suitab]e cover. '
4.2.2 Construction

In cohstruction operat1ons that would be expected to release f1bers
into the atmosphere (e.g., cutting A/C pipe or sheet, removal of built-up
“roofing, and others) generally do not occur 8 hours a day, 5 days a week.94
Potential emission sources include installation of A/C pipe, A/C sheet, A/C
arch1tectura] panels, and built-up. roofing. .

LEV systems connected to a vacuum source are ava11ab1e for power
grinding, sanding, cuttlng, and drilling tools. However, because these
tools are unw1e1dy under field conditions, they are not used in significant
numbers by the construction industry. 95 Furthermore, the effectiveness of
the LEV systems is closely assoc1ated with operator techniques and the
';geometry of the LEV's hood. LEV's effectiveness may decline drastically if
the hood 'is damaged which is ]1ke1y in field use of such equipment. 96 The
~eff1c1ency of the vacuum unit associated with LEV depends on the vacuum
filtering system Vacuum systems are available with HEPA filters and would
be expected to have high dust control efficiencies.

~Field cutting tools espec1a11y des1gned for A/C pipe are avaw]able
_wh1ch may be hand operated or driven by electric, gasoline, or pneumatic
motors. A study of worker exposure to asbestos-using manual machining

lathes, snap cutting equipment, a hack saw, and a tapering tool showed that
worker exposure levels were below 0.5 f/cm3.97  These tools are already
used by some contractors 1nsta111ng A/C pipe and result in little lost
product1v1ty compared to losses generated by a shrouded circular saw, which
_requires add1t1ona1 time and sk1]1 on the part of the employee to per-
form.98 : ' .
~ Wet cutting is a control technique that 1nJects water onto the contact
point between the saw blade and the product being cut; however, there is no
indication that this method has been used under f1e1d conditions. 99

4.3 HASTE DISPOSAL

4.3.1 Hork Pract1ces at D1sposa] Sites _
4.3.1.1 Covering before Compact1on The most common method of.

'em1ss1on control at waste disposal sites is covering the waste daily with
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- ‘nonasbestos compacted earth. - The asbestos waste deposited in a landfill
- should not be compacted until several inches of cover material have been
| pushed over the waste. This precaution prevents'emissions'to the air from
“ bags of asbestos or other asbestos materials that rupture or break during
" compaction. | o '
4.3.1.2 Intermediate Cover. There is a concern that erosion of the
surfaces of Waétejdisposalrsites,taking place between the time that they
become inactive and the time that final covers are épp]ied:cou]d expose |
_aSbeStos deposits for possible entrainment by water or wind. However,
there are no data available to indicate how’frequent]y this might occur.
An 5ntermediate cover placed directly on top of the daily cover has been
suggested as a means of'preventing asbestos exposure due to surface erosion
at disposal sites from the time that -they become inactive until they are
closed and a final cover is put in place. A 31-cm (12-in.) intermediate
cover is included as a recommended procedure at,§241.209—3(b) in 40 CFR
241, Guidelines for the Land Disposal of Solid Wastes. Thus, suggested
_/=thitkness for an intermediate cover is 46 cm (18 in.)--31 cm (12 in.) in
~addition to 15 cm (6 in.) of daily cover. ' ’ ”
| 4.3.1.3 Final Cover. When a landfill is ciosed, a final cover
-,consisfing of several layers of compacted earth is normally placed on the
~ landfill surface. The usual depth of the final cover is 63.5 cm (24 in.);
.46 of the 50 states have design standards for final cover and 41 of the 46
‘require a minimum of 63.5 cm (24 in.) of final cover.l00 0on the other
hand, the Office of Solid Waste (OSW) recommends a final cover of 91 cm (36
in.) of compacted nonasbestOS'méterial for final closure of an area
containing asbestos waste. 101 HoweVer, in its proposal for municipal solid
waste landfills [53 FR 33314], OSW left depth of final cover up to the
individual States.10Z2 The surface of the final cover is graded to preQent
pooling of water, but to prevent erosion it is recommended that the grade
not exceed 2 to 4 percentl03 and that the surface be vegetated.104 [n-
desert areas where vegetation would be difficult to maintain, 8 to 15 cm (3
.to 6 in.) of well-graded, crushed rock is recommended for'placement on top
. of the final cover.105
In northern climes and at high elevations elsewhere, penetration of
the frostline through the final cover into asbestos-bearing layers is a
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potentia] problem. Frost-susceptible soils have at least a small portion -
of* particles less than about 0.05 mm diameter, and most inorganic soils
conta1n1ng 3 percent or more by we1ght of grains finer than 0.02 mm are
frost- suscept1b1e 106 When moist soil freezes ice is formed in the voids
between the soil part1c1es tending to move them apart. Since the path of
least res1stance is upward, the part1c1es move toward the surface. This
upward movement 1s termed "frost heave." When the soil thaws, smaller
particles tend to move down and under larger part1c1es helping them
maintain their position. ‘This process of size segregation is called
"sorting.," Thus, through repeated cycles of freezing and thaw1ng asbestos
may eventual]y be brought to the surface.107
| Frost penetration into asbestos- bearing layers can be prevented by
applying a final cover that is deeper than the frost penetration depth.
~Freezing depth can be pred1cted through use of the modified Berggren
equat1on108 as follows: :
X = X 48 KnF
: L
where ‘
X,é‘depth of freeze ft

» = coefficient that takes into cons1derat1on the effect of temperature
hanges in the soil mass

K = thermal conduct1v1ty of the 5011 Btu/ft hr °F :
n = conversion: factor for air 1ndex to surface 1ndex dimensionless
 F = airffreezing index, degree-days-

volumetric latent heat of fusion, Btu/ft3.

L

An a]ternat1ve approach is to use the emp1r1ca1 relationship developed byb
Haugen and K1n9109 which is: ‘

Y = -6. 46228 +1.02471 l

where

<
H

frost depth in.

accumu]ated freezing degree days (°F) for the season.

><
"

4-54




The standard error of est1mate for frost depth is 7.5 1n.

Freez1ng degree -days for any one day equal the difference between the
average daily temperature and 32 °F. Average daily temperature is the
average of the dai]y maximum and minimum temperatures. These data are
published in A Loca] C11mato1og1ca1 Data Summary for each f1rst order
. weather station by the National Weather Service.’ The mean air freezing
index is the number of freezfng degree-days between the highest and lowest

'pcihts on-a curve of cumulative freezing degree-days versus time for one
freezing season. The design air freezing index is based on. the three
coldest winters in the past 30 years of record. 110 '
4.3.2 Temporary Storage and Waste Transfer

Asbestos waste is norma]ly stored at the site where 1t was generated
' unt11 a full load is accumulated. This is done to avoid unnecessary
transportat1on costs and unnecessary tipping fees at d1sposa1 sites where,
for example, t1pp1ng fees are frequently based on the hau11ng capacity of.
_the vehicle and not its weight. In the case of demolition and renovation,
~asbestos waste is often stored in a room within the affected building.111
Waste is also stored in on-site dumpsters or in the waste vehicle that: will
be used to transport the material to the disposal site.112 Waste is-
typically stored for the duration of the asbestos removal ‘project or until
~a full load has been accumulated. Measures used to maintain the security
of the waste and the integrity of waStercontaihers commonly include warning
signs on vehicles during loading and unloading, protection of bags/drums
from the weather, use of 1eak-tight bags/drums that are properly identified
as asbestos waste, locked storage areas to prevent public access, s{gns
warning of the presence of‘asbestos,'periodic inspections of the storage

area, and records of waste storage.

4.3.3 Transport Vehicles ‘

' 4.3.3.1 Enclosures and Covers. To help prevent the release of
t’asbestos from waste temporarily stored in vehicles as well as during
qvtransport, asbestos waste is typically placed in vehicles with_enclosed
~carrying compartments or in vehic]eslthat can be securely covered with a
tarpaulin, such as waterproofed canvas. The use of enclosed or covered |
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vehicles for storage and transport helps'prevent damage to containers of
waste as a result of exposure to the elements and the effects of wind
during transport. ‘ .

4.3.3.2 Decontamination of Vehicles. -Waste transport vehicles may
" become contaminated dur1ng the hauling of asbestos- conta1n1ng waste.
~ Contaminated vehicles are a potent1a1 em1ss1on source and may contaminate
other items hauled in the contaminated cargo area if not proper]y cleaned.
Some trucking companies, military bases, and States require waste hauling
vehicles to be decontaminated or to use proper precautions to prevent gross
contamination of the hauling vehicle.l13,114

One approach to avoiding. the contamination of nonasbestos loads when
transport vehicles are used for different purposes is to dedicate vehicles
for transport of asbestos waste only. An asbestos waste hauling company in
New York has such a program and operates the only 11censed asbestos
transfer facility in New York State. 115 At the transfer facility, each
transfer is conducted by fully trained and accredited personnel. A
negative air system envelops the whole facility and each transfer s

filmed. ' Trucks are washed down after leaving the facility to remove any
dust, with all wastewater filtered. Five States have been identified that
" have asbestos specific decontamination requ1rements These regulations
typically requ1re that the cargo area be cleaned using wet methods or HEPA-
filtered vacuuming. If polyethylene sheet1ng has been required, most of
these States specify that it is to be discarded along with contaminated
cleaning materials and protect1ve clothing at the waste disposal site.
\ Currently in the Congress, the House of Representatives is considering
action that would regulate the transportation of solid waste. Several
~ measures have been introduced to address baokhauling. The most :
comprehensive appears to be H.R. 3647.116 If passed, the bill would, among
other things, require dedicated vehicles for transportétidn of asbestos
--wastes. '
4.4 SPRAYING .

~Asbestos, in concentrations up to 80 percent has- been spray- app11ed
to bu11d1ngs bu11d1ng components and equtpment and machinery for a
variety of functions, including fireproofing, thermal insulation,
acoustical insulation,:andidecorative finishes. Sprayed bituminous and
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resinous materials (coatings and sealants) containing asbestos are used for
waterproofing of insulation exposed to the weather, as roofing compounds,

" for automobile undercoating, and in marihe and industrial maintenance
applications to provide protection from damage due to water, chemicals,
corrosion, weather, and other exposures. Spfaying has the advantage of
¢cover1ng large areas qu1ck1y and easily cover1ng 1rregu1ar surfaces or
inaccessible areas. 7 :

Sprayed asbestos-contaihing material as it was used for fireproofing,
thermal, acoustical, and decorative purposes contained asbestos, water-
'Vsettlng binders such as cement, and in some cases other fibers such as
glass or m1nera1 wool. The material was usually manufactured dry and -
~delivered in bags to the spraylng s1te The mater1a1 was then either mixed
w1th water to form a slurry and then sprayed or blown dry through a hose
‘ and combined with a water spray at the nozzle. These spraying operations
often exposed workers and the general pub11c to em1ss1ons as a result,
_many cities as ‘well as the EPA banned the spray1ng of material containing
more than 1 percent asbestos by weight. '

. Under specified circumstances, the EPA regulat1ons allow equipment and
méchinery to be sprayed with material containing more than 1 percent
. asbestos. However, several insulation manufacturers and insulation trade
associations have stated that they do not currently add asbestos to their
: own insulating materials and are unaware of any insu]ation,manufacturers
who do. Similarly, State and‘regionél enforcémentfagencies have not
“ reported the use of asbestos-containing spray materials. Mixtures today
typically cons1st of rock wool, nonasbestos mineral fiber, or slag wool,
and cement. e B i

The EPA regulation permits the spraying of asbestbs-containing
material in which the asbestos is encapsulated with a bituminous or-
~resinous binder. These coatings and sealants typically contain less than
, 15 percent asbestos and do not become friable after drying.l1l7 They may be
u:sprayéd’with high-pressure’airleSs Spray-equipmént, brushed on, or troweled
on. Emissions from spraying cutback asphalt and asphalt emulsions range
_from 0.003 f/cm3 to 0.6 f/cm3.118 Ambient air concentrations measured
rhdur1ng spraying and in prox1m1ty to the spraylng operation showed the
fo]]ow1ng levels: ' '
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. ‘0 to 0. 5 f/cm3 for ‘weather barr1er mast1cs

e 0to0.2 f/em3 for 1ndustr1a1 mat@r1a1 w1th ‘epoxy- coa] tar used
as a binder

s 0 to 0.4 f/cm3 for materra]s with po]yester or v1ny1 latex resins

used as binders.

v Other materials that are used for f1r@proof1ng and for acoustical and
thermal insulation include per]xte and vermiculite. Perlite is a highly
siliceous vo]can1c glass that expands upon heat1ng into a lightweight
cellular particle. Vermiculite is the name given to a group of hydrated
laminar minerals that are a1um1num—1ron magnesium silicates, resemb11ng
“mica in appearance. Upon heating, vermlcuﬁate exfoliates,: or expands, due
~to the 1nter1am1nar generation of steam Mixed with Portland cement and
water, it is used for f1reproof1ng When bonded with a h1gh a]um1na cement
or fireclay, verm1cu11te is used for h1gh temperature insulation.

- Vermiculite is mined in the Un1ted States and South Africa. Certa1n
depos1ts of vermiculite m1ned in the United States are known -to contaxn
tremolite asbestos. The asbestos content of the ore may be as h1gh as 30
‘percent by weight. However, upon beneficiation of the ore, the verm1cu11te
product has an average asbestos content of 10 ppm. 120 -

4.5 ROADWAYS - : .

Removal of roadways is accomp?wshed by wet- saw1ng sections of the
pavement, breaking up the sawed sections with a back hoe, loading the
debris into a truck, and recycling or disposing of the material in a
1ahdft]]. Because the asbestos is encapsulated in the asphalt, potential
emissions are primarily from the sawing operation. The use of wet sawing -
techniques ‘suppresses dust formation. :

Mi1ling of pavement is a wet: operatwem that suppresses dust format1on,
Because of the length of time since the material was used, it is likely
that m1111ng operations would not affect most of the remaining asbestos-
1rconta1n1ng pavement By this time it would have been resurfaced, and the
new surface, not conta1n1ng asbestos woud bear the major part of the
milling operation. ' .

7 Where pavement is recycled through- asphalt batching plants, the -
material would normaily be handled in equn@ment served by baghouses or
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scrubbers for dust collection. 'For portable plants, the control is more =
likely to be a Scrubber'because béghbuses are harder to transport. ‘
Although not des1gned specifically for asbestos, the asphalt plant
“baghouses are expected to have high efficiency for asbestos fibers.
Federal part1cu1ate standards (New. Source Performance Standards [NSPS]) for
plants are 0.04 gr/dscf and 20 percent opacity. -~ Emission points are

» controlled either by dust suppress1on techn1ques or by 1oad1ng and ducting
to the control device. ' '

4.6 ENCAPSULATION

Encapsulation is a method for controlling emissions from asbestos |
insulation, fireproofing, acoustical material, and decorative coatings
_contained in buildings and other structures. Most commonly used to contro]
fiber release from-asbestos material- on ce111ngs encapsulat1on involves
spraying a sealant onto the asbestos material through airless spray
equipment.  The sealant acts as a barrier to prevent asbestos fibers from
falling out of the material. Encapsulation may be selected instead of
:remova] for several reasons inc]uding the following:

¢ - Because of irregular surfaces and obstruct1ons the asbestos
material is not very accessible. _

. Initial costs may be Tower than removal costs.

. The asbestos‘conta1n1ng material is not friable, is in good

condition, and is not likely to be disturbed.

Se]ectwon of sealants should be on a JOb -by-job basis since the
effect1veness of the sealant may be affected by the substrate to which it
is being app11ed, as well as the configuration, dimensions, and use
characteristics of the structure to which it is being applied. Sealants
~are typically classified as either penetrating or bridging. Penetrating
sealants penetrate the asbestos materia] and adhere to the substrate.
Bridging agents penetrate on]y s]1ght1y but form a tough skin over the
material. They may be used individually or in combination with the
- _bridging agent applied after the penetrat1ng agent. Sealants should be

Clapp11ed at as 1ow a nozzle pressure as possible to reduce d1ssem1nat1on of
fibers. ' 1 : '
/ Office of Toxic Substances (OTS) gu1de11nes for encapsulation are

similar to those for asbestos removal.l2l, 122,123 The 0TS guidelines are
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intended pr1mar11y to prevent contam1nat1on of the building interior; in
addition, the guidelines will reduce emissions to the atmosphere. When a
sealant is applied, a light mist coat applled first followed by a heavier
coat is recommended to reduce d1spersa1 of Toose fibers. As in removal,
surfaces that could collect dust should be removed from the work area or
‘covered w1th p]astwc sheet1ng A1l openings and fixtures should be sealed
off with plastic and double barriers of plastic sheeting constructed at
entrances -and ex1ts so that the work area is always c]osed off by at Jeast
_one barrier as workers enter or exit. Floor and wall surfaces in the work
area should be protected by p1ast1c sheeting to prevent damage by the seal-
ant ‘and to facilitate cleanup after the work is completed. Following
~ encapsulation, at?l ‘surfaces should be wet cleaned or vacuumed with a HEPA
filter vacuum system. All plastic sheeting; tape, and other debris shou]d
be sealed in plastic bags (6-mil minimum) for disposal.

A]though encapsu]at1on often appears to be less cost]y and take less
~time than. removal, it has several limitations and d1sadvantages

e Since the asbestos is not removed the source of contam1nat1on
~remains and requires per1od1c mon1tor1ng for damage.

LI The asbestos will eventually have to be removed, which w111 be
more difficult due to the sealant; wetting may not be possible.

o« It shou]d not be used in areas where damage is likely from physi-
cal contact or water, nor should it be used on fluffy asbestos
material. '

. If app11ed to mater1a1 that does not adhere to the substrate the

sealant may cause delam1nat1on

.- Repa1r to damaged or deter1orated encapsu]ated surfaces will
‘11ke1y be required.

Data on airborne concentrat1ons dur1ng encapsulat1on are available for
work area activities. Sawyer and Spoonerl24 reported a mean concentration
for 15 samp]es of 0. 0 f/cm3 by phase contrast microscopy 1n an encapsu]a-
tion work area. . They reported that one air sample that produced a ZETO‘

" count by optical microscopy was 7 x 103 ng/m3 by TEM, indicating the
release of small particles by spray contact disturbance. Using a conver-
~ sion factor of 30 f/ng,125 7 x 103 ng/m3 equals about 210,000 f/m3 or 0.2
f/cm3. Another EPA study of encapsulants reported work area asbestos
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concentrations (by TEM) of 6.4 x 107 f/m3 (64 f/cm3) during application of
the first coat of sealant and 6.8 x 106 f/m3 during application of the
second coat.126  The background level in the work area prior to encapsu]a-

_tion was 8.5 x 104 f/m3 (0.085 f/cm3)..
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5.0 MODEL PLANTS AND'REGULATORY‘ALTERNATIVES

This chapter describes model plants and regulatory alternatives

a considefed by the U.S. Environmental Protection Agency (EPA) to control .
asbestos'emissions} The model plants and regu]étory alternatives were
developed to serve as a basis for estimating the environmental, economic,
and enérgy'impacts of‘reviSions to the national emission standard for
asbestos. ) . ' | 7

| Mode] plénts for demolitidn and renovation, milling, manufattuking; o
fabricating,‘and‘waste,disposa] are presented in Section 5.1. " Section 5.2
presénts regulatory alternatives being considered for each source category.

5.1  MODEL PLANTS , ‘ _

" Model plants are presented in this section. Information on emission
sources (e.g.,.ore drying and bag opening) for specific source categories
are discussed in Chapter 3. The milling, manufacturing, and fabricating
model plants presented in this section include data on typical air
pollution control equipment currently in use. Air pollution control equip-
ment for these model'pIants'consistsrof pulse-jet cleaned baghouses
‘containing felted polyester bags with an air-to-cloth ratio of 4'to,i.
Current controls required_in'demd]ition'and renovation include wetting,
p]écing asbestos in leak-tight containers, and disposal in landfills.
Alternative controls to be analyzed are presented in Section 5.2.

‘Model plants were developed for demolition and rendvatidn; asbestos
milling, manufacturing, and fabricating; and asbestos waste disposal.
_Mode]s were not developed for manufacturers of asbestos shotgun shell wads
or spraying (currently covered by the national emission standard for haz-
ardous air pollutants [NESHAP]) because of the low or discontinued use of
asbestos in these applications. In the context of demolition and
renovation,* model plants represent structures that are to be renovated or

_ *Renovation includes maintenance and repair.
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demolished and that may be subject to a proposed revision of the standard.
The sizes of the model facilities and the 1ocatibns of asbestos in the
models are considered'representative'Of actual structures that will be
‘demolished or renovated,ia1though'the quantity of asbestos in the models is
| “probably more than the amount actually present in such structures. Model
_plants’for ashestos mills, asbeStos product manufacturefs,'and asbestos
product fabricators’représent emission sources and structures at the
“industrial site, including on-site waste disposal facilities. For waste
disposal sites;'mdde1 p]antsffepresent off-site landfills, which are owned
and opéfated by someone other than the,generétor of asbestos waste. |

The models presented in this chapter Eepresent a "base case“'for
comparing the cost, economic, energy, and environmental impacts of regula-
tory alternatives. Selection of model plants is based on a review of
'pub1ished information and discussions with demolition contractors, asbestos
industry,représentatiVés,'waste management facility representatives, and
Federal and State Government officials responsible for enforcing NESHAPs -
and for asbestos removal progréms. | '
"~ Model demolitions and/or renovations were developed for each of the
. following categories:i ' ' | :

. Educatibna] buildings e Single-unit dwellings

(5.1.1.1) - v(5.1.1.8)
« Nonhousekeeping o e Ships (5.1.1.9)
" residential buildings o '
(5.1.1.2) . , . e Office buildings
_ ' (5.1.1.10)
. Stores;‘mercantile,v‘ e, Hosbitals_and
?nd othe; commercial buildings = institutions (5.1.1.11)
5.1.1.3) : R v
‘ o o : e Sub-threshold structure
e Multiunit dwellings - 0 (5.1.1.12)
(5.1.1.4) , ‘ ‘ ‘
: e 7 ; e 4Structures,containing
o Petroleum refinery/ ' nonfriable asbestos
- petrochemical plants - materials

(5.1.1.8) o (6.1.113)

o+ Electric utilities
(5.1.1.6)

. Ihdustria] buildings
(5.1.1.7)




In all of these models, waste disposal is assumed to be accomplished by
hauling all debris to a NESHAP waste disposal site. ’ -
Model plants were developed for the following asbestos m1111ng,
manufactur1ng, and fabr1cat1ng facilities:

e Milling (5.1.2) » C(Coatings and sealants’
_ ‘ manufacturing (5.1.3.6)
¢ Paper manufacturing :
’ (5.1.3.1) ' e Gaskets and packings
, : manufacturing (5.1.3.7)
* Friction materials manu- : '
facturing (5.1.3.2) e Asbestos textiles
: - ' manufacturing (5.1.3.8)
e Asbestos/cement (A/C)

products manufactur1ng  Chlorine manufactur1ng
(5.1.3.3) : (5.1.3.9)
e Vinyl/asbestos (V/A) - . Aspha]t concrete
floor tile manufactur1ng - manufacturing (5.1.3. 10)
- (5.1.3.4) S
. e Fabricating processes
e Asbestos-reinforced . (5.1.4) -
plastics manufacturing
(5.1.3.5)

Mode1 p]ants a]so were developed for asbestos waste d1sposa1 sites (5.1.5).

5.1.1 Demolition and Renovation ' |
5.1.1.1 Educational Bu11d1ngs Educat1ona] buildings house academic

| or techn1ca] instruction and include schools (elementary, junior high, and

| senior high), colleges or universities, vocat1ona1 schools, libraries, and

museums. Schools were selected to represent-educational buildings.

~ Elementary schools, juhior high schools, and high schools are éommon]y'
. housed in 1ow-r1se bu11d1ngs that may contain any or all of the following
facilities:

. Classrooms (including industrial arts . Swimming pool
room and 1aborator1es) . PR ~
e Offices:

.o "Cafeteria and kitchen
: , * Teachers' lounge
e Auditorium S
' e Boiler room .
e - Gymnasium :
' e Library
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| Schoo1 bu11d1ngs often contain nonfr1ab1e asbestos mater1als in ceil-
| 1ng t11es, f]oor tiles, laboratory counter tops, A/C pipes, and other
mater1a1s Friable asbestos mater1als were often used as a fire-protective
coating on structural steel frames; as a decorative and acoust1ca] finish
on walls and ceilings; and as therma] insulation on bo11ers “heaters, steam
pipes, and hot water pipes. 7 ,

Three sizes of schools were selected as representat1ve of ‘schools
conta1n1ng asbestos material. The first school is a small, one-story

‘school with a total floor area of 4,013 m2 (43,200 ft2) ~ The second school

is a medium-sized school consisting of three bu11d1ngs ‘a two-story main
building containing 9,490 m2 (103,000 ft2) of floor érea, a one-story
~ cafeteria 752 m2 (8,100 ft2) in area, and a 1,115- m2 (11,700- ££2) gymnasi-
~um. The third is a ‘large school cons1st1ng of three buildings: a ‘three-
story main building containing 21, 089 m2 (227,000 ft2) of floor area (plus
a 2,044- m2 [22,000-ft2] basement), a one-story cafeteria containing 1,672
m2 (18,000 ft2) of floor area, and a one-story gymnas1um containing 2,415
m2 (26 000 ft2) of floor area.  Tables 5-1, 5-2, and 5-3 show asbestos-
containing materials in the small, medium, and large schools, respectively.
| ~ Models were developed both for renovation and. demolition of these
school bu1]d1ngs Three models were developed to represent the renovation
of small, med1um and large schools. (see Table 5-4). In all three school
renovat1on models, renovation will conswst of remova] of the entire
ceiling, which is covered w1th 1.3 cm (0.5 in. ) of friable asbestos
material. In all school renovation models, renovation will consist of
scrap1ng the fr1ab1e asbestos material from the gypsum ceilings, dropp1ng
~and d1spos1ng of the ce111ng, replacing the ce111ng, and spraying on.a
nonasbestos-containing material.

Models developed for the demol1t1on of the schools give the amount of
asbestos that must be removed prior to wrecking (see Table 5-5). Demoli-
tion will be carried out with a front-end loader for the small school and
by ball and clam and front end loader for the medium school. The large
school will be demolished by ball and clam.

_ ‘In the school models and in all subsequent’ demo11t1on and renovation
models, the amount of asbestos waste generated 1s three times the amount of

inplace asbestos.
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TABLE 5-1. ASBESTOS MATERIALS IN SMALL SCHOOL

Type and
Location of Amount of thickness
asbestos asbestos of asbestos
9.3 m2 (100 ft2) 6.4-cm (2.5-in.)

Bo%]erk

Steam pipind
Exposed 6.4-cm
(2.5-in.)

Concealed 1;9-cm"

(0.75-1n.)

Hot water pipihgf
Concealed 5-cm

(2-in.)

Concealed 2.5-cm

(1-in.)

Ceiling

30.5 m (100 ft)

457 m (1,500 ft)

61 m (200 ft)
32.5 (350 ft)

4,013 m (43,200 ft2)

trowellied-on.

“material .

2.5-cm (1-in.)
premolded insu-
lation

“2.5-cm (1-in.)

premolded insu-

- lation

0.64-cm
(0.25-in.)

~ corrugated paper

0.64=-cm
(0.25-1n.)
corrugated paper -

1.27-cm (0.5-in.)
sprayed-on :
material




TABLE 5-2.

ASBESTOS MATERIALS IN MEDIUM SCHOOL

- Location of
asbestos

Amount of
asbestos-
containing
“material

Type and
thickness
of asbestos

Main building

Boi]ers (2)

Steam pipihg
Exposed 7.6-cm
(3-in.)

Concealed 5-cm (2-in.)

Concea]ed’z.s-cmr(lein.)

Hot water piping'
Concealed 5-cm

(2-in.) 7

Concealed 2.5-cm‘(1-1n.)

Structural steel
25.4-cm (10-in.) columns

15.2-cm (6-in.) beams
Ceiling

Cafeteria

Boiler

Steam piping
Exposed 5-cm (2-in.)

Concealed 25-cm (1-in.)

2 ﬁé §450'ft2)v

20 m (65 ft).
165 m (580 ft)
549 (1,800 ft)

110 m (360 ft)

14 m (85 ft)

488 m (1,600 ft)
6,858 m (22,500 ft)

9,490 m2 (103,000 ft2)
4 m2 (45 ft2)

11 m (36 ft)
41 m (135 ft)

5-cm (2-in.)
premolded block

2.5-cm (1-in.)

- premolded insu-

lation

2.5-cm (1-in.)

premolded insu-

lation

2.5-cm (1-in.)

premolded insulation

0.6-cm (0.25-in.) .
corrugated paper

0.6-cm (0.25-in.)
corrugated paper

6.4-cm (2.5-1n.)
sprayed-on material

3.8-cm (1.5-1n)
sprayed-on material

1.3-cm (0.5-in.)
sprayed-on material

5-cm (2-in.) pre-
molded insulation

2.5-cm (l-in.) pre-

molded insulation
2.5-cm (1-in.) pre-
molded insulation

(continued)




TABLE 5-2. ASBESTOS MATERIALS IN MEDIUM SCHOOL (continued)

Location of
asbestos

| Amount of

asbestos-
containing
material

Type and
thickness.
of asbestos

Ceiling

Gymnasium

Furnace

Airducts

45.7-cm (18-in.) beams

S;Cm (2-in.) hot water pipe

752 m2 (8,100 fté)

8.4 m2 (90 ft2)

46 m2 (495 ft2)

192 m (630 ft)

41 m (135 ft)

1.3-cm (0.5-1in.)

sprayed-on material

5-cm (2-1in.)
trowelled-on mate-
ria} :

0.6-cm (0.25-in.)

corrugated paper

3.8-cm (1.5-in.)
sprayed-on material

0.6-cm (0.25-in.)
corrugated paper
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~ TABLE 5-3.

ASBESTOS MATERIALS IN LARGE SCHOOL

‘Location of
~‘asbestos

Amount of
asbestos

Type and
thickness
of asbestos

Main building

Boilers (2)

Steam piping -
Exposed 7.6-cm
(3-in.)

~ Concealed 5-cm (2-in.)
thcea]ed 2.5-cm (l-in.)

Hot water piping
Concealed 5-cm
(2-in.)

Concealed 2.5-¢m
(1-in.)

Strutthka] steel

- 25.4-cm (10-in.) columns
| 15,2fcm (6-in.) beam§
Ceiling

Cafeteriaf

‘Boiler

- Steam piping
Exposed 2-in.

93 m2 (1,000 ft2)

42.7 m (140 ft)
366 m (1,200 ft)
1,219 m (4,000 ft)
244 m (800 ft)
30.5 m (100 ft)

1,067 m (3,500 ft)
15,240 m (50,000 ft)
21,089 m2 (227,000 ft2)

9.3 m@ (100 ft2)

24.4 m (80 ft)

7.6-cm (3-fn.)
trowelled-on

material

2.5-cm (1-in.)
premoided insu-
lation

2.5-cm (1-in.)
premoided insu-
lation

2.5-cm (l-in.)

premolded insu-
lation '

0.6-cm (0.25-in.)

“corrugated paper

0.6-cm (0.25-in.)
corrugated paper

6.4-cm (2.5-in.)
sprayed-on material

3.8-cm (1.5-in)
sprayed-on material

1.3-cm (0.5-1in.)
sprayed-on material

© 6.4-cm (2.5 in.)

trowelled-on

material

2.5-cm (1-in.) pre-
molded insulation

- 5-8
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TABLE 5-3. ASBESTOS MATERIALS IN LARGE SCHOOL (continued)

Location of
asbestos

Amount of

asbestos

Type and
thickness -
of asbestos

Concealed l-fn.
Ceiling
menasium
Furnace
CAir dg;ts
45.7-;m»(18-1n;) begms'

5-cm (2-in.) hot water pipe

91.4 m (300 ft)

1,672 m2 (18,000 ft2)

18.6 m2 (200 ft2)

102 m2 (1,100 ft2)

427 m (1,400 ft)

91.4 m (300 ft)

2.5-cm (1-in.) pre-

molded insu]ation

1.3-cm (0.5-in.) .
sprayed-on material

6.4-cm (2.5-in.)
trowelled-on mate-
rial :

0.6-cm (0.25-in.)
corrugated paper

3.8-cm (1.5-in.)
sprayed-on material

0.6-cm (0.25-1n.)
corrugated paper




TABLE 5-4. MODEL PARAMETERS FOR SCHOOL RENOVATIONS |

small school model

Building size

Asbestos: removed
’ Ceiling = = '
Asbestos waste generated

Medium school model

Building size
Asbestos removed
Ceiling
 Asbestos waste generated

Large school model

© Building size
Asbestos removed -
Ceiling B

Asbestos waste generated

4,013 m2 (43,200 ft2)

51 m3 (1,800 ft3)

153 m3 (200 yd3)

11,408 m2 (122,800 ft2)

131 m3 (4,631 ft3)
393 m3 (514 yd3)

25 176 m2 (271,000 ft2)

289 m3 (10,208 ft3)
867 m3 (1,135 yd3)
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TABLE 5-5.

MODEL PARAMETERS FOR- SCHOOL DEMOLITIONS

Small school model

Building area
Asbestos removed
Boilers .
Ceiling
Pipes
Asbestos waste generated

Medium school model

Building area
Asbestos removed
Ceiling
Boilers and furnaces
Pipes. and ducts
Structural steel

Asbestos waste generated

Large4schoo1 model

Building -area
Asbestos removed
Ceiling
Boilers and furnaces
Pipes and ducts
Structural steel
Asbestos waste generated

4,013 m (43,200 ft2)

0.6 m3 (21 t3)

51 m3 (1,800 ft3)
0.9 m3 (30.7 ft3)
158 m3 (207 yd3)

11,408 m2 (122,800 ft2)

131 m3 (4,629 ft3)

3 m3 (98 ft3)

2 m3 §63 f13)
235 m3 (8,295 ft3)

1,113 m3 (1,457 yd3)

25,176 m2 (271,000 £12)

289 m3 (10, 288 ft3)

9 m3 (312 ft

9 m3 §320 ft3)

523 m

323 §18,482 ft3g)
' m

(3,259 yd
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5.1.1.2- NonhouSekeepingﬂResidentia] Buildings. Nonhousekeeping resi-
dential structures refer to. buildings offering multiple accommodations for
long-, or short-term residents and include hotels, motels, dormitories,
fraternity and ‘sorority houses, and similar facilities. Hotels are an
example of nonresidential housekeep1ng buildings. They offer lodging and
~typically meals, enterta1nment “and various personal services to the
public. Most hote]s are mu]t1story, steel-frame buildings that contain, in
addition to 1odg1ng facilities, a kitchen, restaurant, bar, ballroom or
auditorium, meeting rooms, ‘registration desk and off1ces shops and

mechanical area.

‘Asbestos’ was‘uSed in the hotels for fireproofing of steel frames; for
thermal insulation on boilers, steam piping, valves, and fittings; for
therma1,1nsu1at1on of hot water piping; and for acoust1ca1 1nsu1at1on on

“ceilings. ' ’ _

Two models, a small and a large hotel, were developed to represent the
demolition and renovation of hotels. The first is a 1arge 396-room, 12- .
story structure and the second is a small, 96-room, five-story structure.

‘Both model hotels are of brick construction with steel frames.

- The 1arge hotel model is approximately 39.5m (130 ft) high and has a
‘filoor area of 1,712 me (18 432 ft2) on each story. The hote] has a base-
ment conta1n1ng two boilers and other mechanical equ1pment Table 5-6
lists the asbestos materials in the hotel. Model parameters for the demo-
lition of the large hotel are given in Table 5-7. Demo11t1on will be by
any of three methods: 1mp1os1on ball and clam, or f]oor by floor.

Renovation of the 1arge hotel will consist of removing the 348 m2
{3,750 ft2) of asbestos-containing material on ceilings, replacing that
materia1 with a nonasbestos material, and replacing the existing asbestos
insulation on 110 m (360 ft) of exposed steam piping. Model parameters for
the large hotel renovation are given in Table 5-8. The small hotel is
approximately 18. 3m (60 ft) high. The area of the ground floor is approx-
imately 2,694 m? (29,000 ft2) and the area of floors two through five is
936 m2 (10 080 ft2) per floor. The hotel has a basement containing two
boilers and other equ1pment

The asbestos material in the small hote] is shown in Tab]e 5-9. Model
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- TABLE 5-6. ASBESTOS MATERIALS IN LARGE HOTEL

Location of
. asbestos

Amount of

asbestos

Type and
thickness

of asbestos

Boilers (2)

Steam piping .
Exposed 7.6-cm (3-in.)

- Concealed 5-cm (2-in.)

Concealed 2.5-cm (1-in.)

Hot water piping
- Concealed 5-cm (2-in.)

Cdncéa]ed 2.5-cm (1-in.)

Structural steel
30.5-cm (12-in.) columns

‘15.2?cm (6-in.) beams

Ceiling

80 m2 (860 ft2)

110 m (360 ft)

152 m,(soo'ft)

792 m (2,600 ft)

262 m (860 ft)

792 m (2,600 ft)

914 m (3,000 ft)

13,716 m (45,000 ft)

348 m2 (3,750 ft2)

7.6-cm (3-in.)
trowelled-on

material

2.5-cm (1-in)

premolded insula- -
tion =
2.5-cm (1-in.)

~premolded insula-

tion -
2.5-cm (1-in.)

- premolded insula-

tion

2.5-cm (l-in.),
premolded insula-

. ‘tion

2.5-cm (1-in.)
premo]ded insula-

“tion

7.6-cm (3-in.)
trowelled-on
material -
3.8-cm (1.5-in.)
trowelled-on

material

2.5-cm (1-in.)
sprayed-on
material -

5-13




TABLE 5-7.  MODEL PARAMETERS FOR DEMOLITION OF LARGE HOTEL

Building area R | 20,549 m2 (221,184 ft2)
Asbeétoé'remerdv | | . o
Boilers 6.1 m3 (215 ft3)
Pipes . ~ 9.9 m3 (348 ft3)
Structural steel che - 471 m3 (16,625_ft3)
- Ceiling - 8.7 m3 (308 ft3)
AsbeStos'waste generatedv _ 1,487 m3 (1,946 yd3)

'TABLE 5-8. MODEL PARAMETERS FOR RENOVATION OF LARGE HOTEL

Building area - o 20,549 m2 (221,184 ft2)
Asbestos removed | -

Ceiling : : 9 m3 (313 ft3)

‘Pipes : 1 3 (30 ft3)
Asbestos‘waste génerated, . ' 7 30 m3 (39 yd3) -

&,

© TABLE 5-9. ASBESTOS MATERIALS IN SMALL HOTEL

. e Type and
Location of ~ Amount of ‘ thickness
~asbestos . . - ' asbestos of asbestos
Boilers - . _ | 41 m2 (440 ft2) 7. 6 -cm (3-in.)

trowelled on mater1a1

-Sféam pipfngv - L ' :
Exposed 3-in. 36.6 m (120 ft) 2.5-cm (1- 1n)

o , v premolded insulation
Concealed 2-in. . 51.8m (170 ft) - 2.5-cm (1-in.)
premolded insulation

Concealed 1-in. 274 m (900 ft) | 2.5-cm (1-in.)
_ ' g . : premolded insulation

Hot'water piping o S o
Concealed 2-in. - 88.4 m (290 ft) - 2.5-cm (1-1in.)

. » premolded insulation
Concealed 1-in. : 274 m (900 ft) ’ 2.5-cm (1-in.)

premolded 1nsu1ation

Ceiling ' - 223 m (2,400 ft2) 2.5-cm (1-in.)
E sprayed-on material
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parameters for the demolition of the small hotel are given in Table 5-10.
Demolition will be by either ball and clam or floor by floor.

Renovation of the small hotel will consist of replac1ng the 223 m2
(2,400 ft2) of asbestos- -containing materials on ceilings and replacing the
existing asbestos insulation on 36.6 m (120 ft) of exposed 7.6-cm (3-in.)
steam piping. Model parameters for the small hotel renovation are giVen in
Table 5-11. ' v ,

5.1.1.3 Stores, Mercantile, and Other Commercial Buildings. ‘A small
‘grocery and a medium department store were se]ected to represent this class

- of bu11d1ngs : v
~5.1.1.3.1 Grocery. Grocery stores sell staple foodstuffs, household
- supplies, meats, produce, and dairy products. They are typiea1]y’housed in
single-story buildings that may have a basement mechanical room. ASbesfos 
‘was used in grocery stores as thermal insulation on heaters, boilers, and
- piping systems. _
The model grocery is contalned in a single-story brick building with a
- floor area of 260 m (2,800 ft2) The building has a part1a1 basement that
contains a boiler and other mechanical equipment. Table 5-12 shows asbes-
tos materials that the grocery conta1ns | R

Models were developed to represent the demolition and renovation of a
sma]] grocery. Demolition will be carried out by a front-end loader. Table
5-13 presents model parameters for the grocery demolition. Renovation of
the model grocery will consist of rep]ac1ng the asbestos insulation on the
boiler, boiler stack, and exposed steam pipe with a nonasbestos 1nsu1at1on
Tab]e 5-14 presents model parameters for the grocery renovat1on

5.1.1.3.2 Department store. Department stores sell a wide variety of
goods arranged in several departments and range in size from one- and two-
story buildings to buildings of five stories or more. Asbestos materials
may be found in decorative and acoustical cei]ing‘treatments in thermal
insulation on bo11ers and p1p1ng, and in fire- protect1ve coatings on struc-

tural steel.

Models were developed to represent the demolition and renovation of
medium-sized department stores. The department store is contained in a two-
story brick'building with a reinforced concrete frame. The building also
‘has a basement that houses a boiler and other mechanical equipment. The
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 TABLE 5-10. MODEL PARAMETERS FOR DEMOLITION OF SMALL HOTEL

Bu11d1ng area B 6,440 m2 (69;320 ft2)
Asbestos removed o B o B
~ Boilers | | 3.1 m3 (110 ft3)

~ Pipes | ' - 5.2 m3 (185 ft3)

. Structural steel ' 157 m (5,542 ft3)

~ Ceiling o 5.7 m3 (400 ft3)
ASbeSfos:waste,generated | o 513 m (671 yd3)

TABLE 5-11. MODEL PARAMETERS FOR RENOVATION OF SMALL HOTEL

Building area 6,440 n2 (69,320 ft2)

Asbestos removed | - | N Lo
Ceiling _ 5.7 m3 (200 ft3)
Pipes B 0.3 m3 (10 ft3)

Asbestos waste geherated‘ , 18 m3 (24 yd3)
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TABLE 5-12. ASBESTOS MATERIALS IN SMALL GROCERY

: Type and
Location of » , Amount of ~ thickness
asbestos. o asbhestos - of ‘asbestos
Boilers | 9.3 m2 (100 ft2) 7.6-cm (3-in.)
: ' Co , : SRR . trowelled-on
. o ‘ material
Boiler stack 3.7 m2 (40 £t2) - 3.8-cm (1.5-in.)
o _ - premolded :
insulation
Steam piping 7 : : O '
Exposed 5-cm. (2-in.) - 21.3 m (70 ft) . - 2.5-cm (1-in)

premolded insulation

Concealed 2.5-cm (1-in.) 30.5m (100 ft) 2.5-cm (1-in.)

~Hot water piping

premolded insulation

Concealed 2.5-cm (l~in.)" 12.2 m (40 ft) : 2.5-cm (1-in.)

premolded insulation

TABLE 5-13. MODEL PARAMETERS FOR

DEMOLITION OF SMALL GROCERY

-Building area

Asbestos removed
Boiler .
Stack
Piping

Asbestos waste generated

260 me (2,800 ft2)

0.7 m3 (25 ft3)
0.1 m3 (5 ft3%
0.3 m3 (11 ft3)"
3Im3 (4 yd3)'

TABLE 5-14. MODEL PARAMETERS FOR

RENOVATION OF SMALL GROCERY

v

Building area

Asbestos removed
Boiler
Stack
Pipe

Asbestos waste generated

260 m2 (2,800 ft2)
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’basement and each aboveground story have a floor area of 2,035 m2 (21,900
ft2) Table 5-15 shows the asbestos materials in the department store.
Dem011t1on will be by either ball and clam or floor-by-floor demoli-
tion. Table 5-16 presents mode parameters for demolition of the medium-
s1zed department store, » '
Renovat1on of the model department store will consist of replacing the
ex1st1ng boiler and the thermal insulation on all exposed steam piping.
All therma] insulation will be removed from the boiler before it is
dismantied and removed. Table 5-17 presents mode] parameters for the de-
partment store renovation. ‘
7 5.1.1.4 Multiunit Dwellings. A small and a medium apartment building
. were se]ected to represent multiunit dwe111ngs The small. apartment build-

ing is a f1ve family apartment building and the medium apartment is a 50-
k'fam11y apartment building.

The five-family apartment bu11d1ng is a low-rise structure of wood
frame construct1on It is a three-story structure with a partial basement.
‘Each story has a floor area of 232 mé (2,500 £t2), and the basement has a
floor area of 69.7 m (750 ft). A boiler is located in the basement.
Asbestos was used as decorat1ve and acoust1ca1 ceiling treatments and as
thermal 1nsu1at1on on boilers and steam piping. Table 5-18 shows the as-
bestos mater1a1 in the small apartment building. .

Models were deve]oped to represent both the demolition and renovat1on
of a five- fam11y apartment building. The apartment model is .to be demol-
ished by either of two methods: ball and clam or floor by floor. All
asbestos materials must be removed prior to demolition. Table 5- 19 gives
model parameters for the demolition of the small apartment building. In
the renovation model, the decorative ceiling coating is to be replaced for
the entire building. Table 5-20 presents mode1 parameters for renovation
of the small apartment building.
| The 50-family apartment building is a 10- story bu11d1ng of steel frame
construction. - The building has a basement housing the heating system and
other equipment. Each story has a floor area of 464.5 m (5, 000 ftz)
Asbestos was used as decorative and acoustical ceiling treatments, thermal
insulation on boilers and steam piping, and f1reproof1ng on steel columns
and beams. Table 5-21 shows the asbestos material in the 50-family apart-
 ‘ment building. ' ’
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TABLE 5-15. ASBESTOS MATERIALS IN MEDIUM DEPARTMENT STORE

' Type ‘and
Location of Amount of thickness
asbestos asbhestos of asbestos
Boilers 9.3 m2 (100 t2) 7.6-cm (3-in.)
trowelled-on
material ,
Stack 5.6 m2 (60 t2) 3.8-cm (1.5-in.)

Steam piping
Exposed 5-cm (2-in.)

Concealed 2.5-cm (1-in.)

trowelled-on

- _material

57.9 m (190 ft)
183 m (600 ft)

5-cm (2-in)
premolded insulation
5-cm (2-in.) )
premolded material

- TABLE 5-16.

MODEL PARAMETERS FOR DEMOLITIONVOF_A

MEDIUM DEPARTMENT STORE

Buﬁ]ding area

Asbestos removed
Boiler
Stack
Piping

Asbestos waste generated

6,104 m2 (65,700 ft2)

.7 m3 (25 ft3
3 (7.5 ft

3 (36 ft3)
em (8 yd3)

0.7 m
0.2 m
1.0m

)
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TABLE 5-17. MODEL PARAMETERS FOR RENOVATION OF A

MEDIUM DEPARTMENT STORE

/

Building area | | 6,104 m2 (65,700 ft2)
Asbestos removed ; B
Boiler - DR 0.7 m3 (25 ftd)_
Piping - | 0.3 m3 (10.6 ft3)
Asbestos waste generated o 3 m3 (4 yd3)

TABLE 5-18. ASBESTOS MATERTALS IN SMALL, FIVE-FAMILY APARTMENT BUILDING

U ) Type and
~Location of - ‘ Amount of - thickness
asbestos : : asbestos of asbestos
‘Boiler o 7.9 m2 (85 ft2) 5-cm (2-in.)
L ' ' trowelled~-on
| 7 material '
stack 4.6 m (50 ft2) 5-cm (2-in.)
S ~ SR ‘trowelled-on
‘ material
Steam piping Y : R _
~ Exposed 5-cm (2-in.) 42.7 m (140 ft) 5-cm (2-in)
‘ : premolded insulation
5-cm- (2-in.)

Cdncéa]ed 2.5-cm (1-in.) 64 m (210'ft)

Ceiling o 697 m2 (7,500 ft2)

premolded insulation

0.6-cm (0.25-in.)
sprayed-on material

~ TABLE 5-19. MODEL PARAMETERS FOR DEMOLITION OF A
. SMALL, FIVE-FAMILY APARTMENT BUILDING

Building area L 766 m2 (8,250 ft2)

Asbestos removed

“Boiler S _ ' 0.4
Stack | 0.2 md (8.3 ft3g
Piping , ‘ 0.5 m3 (16.6 ft3)
Ceiling | 4.4 m3 (156 ft3)
Asbestos‘waste génerated o ; 17 m3
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TABLE 5-20. MODEL PARAMETERS FOR RENOVATION OF SMALL,
FIVE-FAMILY APARTMENT BUILDING v

Building area 766 m2 (8,250 ft2)
Asbestos removed v '
Ceiling 4.4 m3 (156 ft3)

 Asbestos waste generated 13 m3 (17 yd3)

TABLE 5-21. ASBESTOS MATERIALS IN MEDIUM,
50-FAMILY APARTMENT BUILDING

o ‘ 7 Type and
Location of Amount of thickness
asbestos asbestos of asbestos
Boiler 52.7 m¢ (567 ft2) 5-cm (2-in.)
_ e v sprayed-on
material
Stack 15.8 m2 (170 ft2) 5-cm (2-in.)
' sprayed-on
material
Steam piping ‘ - '
‘Exposed 5-cm (2-in.) 85.3 m (280 ft) 5-cm (2-1in)

Concealed 2.5-cm (1-in.)

Ceiling

Structural steel
-30.5-cm (12-in.) columns

+15.2-cm (6-in.) beams

426.7 m (1,400 ft)

4,645 m2 (50,000. ft2)

670.6 m (2,200 ft)

. 2,159.2 m (7,084 ft)

premolded insulation

5-cm (2-in.) .
premolded insulation

0.6-cm (0.25-in.)
sprayed-on material

7.6-cm (3-in.)
sprayed-on
material -

3.8-cm (1.5-in.)

sprayed-on -

-~ material
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Mode]s were developed for the demolition and renovation of the medium
apartment bu11d1ng The apartment building will be demolished by implosion,
ball and clam, or floor by floor. Table 5- 22 gives model parameters for
demolition of the apartment bu11d1ng For the renovation model, ‘the asbes-
tos ceiling cover1ng will be removed and replaced with nonasbestos
materials. Table 5-23 presents mode1 parameters for renovating the medium
apartment building. : .

~5.1.1.5 petroleum Refinery/Petrochemical Plants. Petroleum
refineries were selected to represent this class of structure. Refineries
separate and convert crude 011 and 1ntermed1ates to produce a variety of
- fuels, 1ubr1cants aspha]ts road oils, and feedstock for other processors;

'~ e.g., the petrochem1ca1 industry. Asbestos was used extensively as thermal

‘jnsulation on equipment and p1pes to help maintain high- process
:temperatures and high-fluid temperatures in piping.
: Models were deve]oped to represent the demolition and renovation of -
small- and intermediate- capac1ty refineries. ‘

"~ The small- capac1ty ref1nery processes approx1mate1y 50,000 barre]s of
crude o11 per day. Refinery processes include the following:

- Atmospheric and vacuum distillation of crude
Fluid catalytic cracking

HF alkylation/gasoline sweetening

Gas concentration/sulfur recovery

Gasoline fractionation

. Aromatics extraction

Cata]ytic reforming

The refinery has 186 pumps and 17 compressors in hydrocarbon service and 29
process heaters and boilers. It has 70 process vessels, 50 storage tanks,
and about 900,000 ft of piping.: Asbestos materials in the small refinery

b are shown in Tab]e 5- 24: 10 percent of the pumps, 50 percent of the tanks

and vesse]s and 40 percent of the p1p1ng are insulated w1th asbestos

material.
The 1ntermed1ate -capacity ref1nery processes approx1mate1y 200,000
barre]s of crude 0il per day and consists of the fo]low1ng processes:

: Atmospher1c and vacuum distillation of crude
" Solvent decarbonizing

Sourwater oxidizing

Aromatics extraction

Thermal hydrodealkylation

Naphtha desulfurizing
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TABLE 5-22. MODEL PARAMETERS FOR DEMOLITION OF MEDIUM
50-FAMILY APARTMENT BUILDING

Building area ' ' 4,645 ml (50,000 ft2)

Asbestos removed E , ' , o
Boiler « _ 2.7 m3 (94.5 ft3)
Stack , 0.8 m3 (28.3 ft3)
Piping ’ 2.4 m3_(85.5 ft3)
Ceiling > , 29.5 m3_(1,041 ft3%
Structural steel : 130.8 m3 (4,622 ft3)

_Asbestos waste generated - _ . , _499 m3 (653 yd3)

TABLE 5-23. MODEL PARAMETERS FOR RENOVATION OF MEDIUM,
50-FAMILY APARTMENT BUILDING

Building area | , 4,645 m2 (50,000 ft2)

Asbestos removed | | o
Ceiling | ~ - 29.5 m3 (1,041.7 ftd)

Asbestos waste generated ' s 89 m3 (116 yd3)

TABLE 5-24. ASBESTOS MATERIALS IN SMALL REFINERY

Type and

Location of L : Amount of ' thickness
asbestos : asbestos : . of asbestos
Boilers (29) : 409 m2 (4,400 ft2) (each)  7.6-cm (3-in.)
. , , ' trowelled-on
v material
Tanks and vessels (60) 186 m2 (2,000 ft2) (each) 7.6-cm (3=in.)

premolded material "

P;mps (19) - , - 1.7 m@ (18 ft2) (each) 5-cm (2-in.) 7
, premolded insulation

10-cm (4-in.) piping 109,728 m (360,000 ft) 5-cm (2-in)
o v SR ’ premolded insulation

-
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Naphtha hydrotreat1ng -
Cata]yt1c reform1ng

. Cata]yt1c crack1ng

e Acid-gas treating

. Sulfur recovery

. Gasoline sweetening

. Fractionating

« . Hydrogen manufactur1ng
. Alkylation

“This refinery has 411 pumps and 37 compressors in hydrocarbon service and
49 process heaters and boilers. It has 290 process vessels, 200 storage
tanks, and approx1mate1y 3 500, 000 ft of p1p1ng The intermediate-capacity
'ref1nery contains asbestos ‘materials as shown in Table 5-25; 10 percent of
“the pumps, 50 percent of the tanks and vessels, and 40 percent of the
piping are insulated with asbestos material. ‘

Each of the refinery models is to be totally demolished by disassem-
bly. A1l asbestos mater1a1s must be removed and disposed of during demoli-
tion. Table 5-26 presents mode parameters for the refinery demolitions.

Each model refinery also will conduct maintenance (renovat1on)
act1v1t1es that involve asbestos removal. In both the small and medium
refinery, maintenance w111 consist of removing 457 m (1,500 ft) of 10-cm
(4-in.) diameter steam piping Jocated aboveground. Table 5-27 presents
mode] parameters for the maintenance activities.

5.1.1.6 E1ectr1c Ut1]1t1es ~ Steam- e]ectr1c -generating plants often
used asbestos materials as thermal insulation in fossil-fuel-fired water-
tube boilers and associated turbines, valves, f1tt1ngs and piping.
| Mode]s were developed 'to represent the demolition and renovation (main-
tenance) of smal] and medium power plants. The first model is a small, 12- Mw
power station. Asbestos materials in the small power plant are listed in
Table 5-28. The medium power plant is a 200-MW plant and contains asbestos
material as shown in Tab]e 5-29. Complete demolition of the two power
- plants is to be carried out by d1sassemb11ng the unit. Model parameters for
~the power plant demolitions are given in Tables 5- 30 and 5-31.

Renovation (maintenarice) will cons1st of the overhaul of the turb1nes

and associated piping at each plant. In the small power plant, maintenance
involves approx1mate]y 12 m (39 ft) of p1p1ng ‘while in the medium power
- plant, approx1mate1y 619 m (2,030 ft) of p1p1ng will be involved in the
turbine overhaul. Model parameters for the power. p]ant ma1ntenance |
activities are given in Tables 5-32 and 5-33.
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TABLE 5-25.

ASBESTOS MATERIALS IN MEDIUM REFINERY

Location of
asbestos

Amount. of
asbestos

“Type and
thickness
of asbestos

Boi]ers (49)
Tanks and vessels (245)
Pumps (41)

10-cm (4-in.) pfping

409 m2 (4,400 ft2) (each)
186 m2 (2,000 ft2) (each)
| 1.7 m2 (18 ft2) (each)

426,720 m (1,400,000 ft)

© 7.6-cm (3-1n.)
trowel led-on
material

7.6-cm (3?in.)
premolded
material

5-cm (2-in.)
premolded
insu]ation

5-cm (2 in.)

TABLE 5-26.

MODEL PARAMETERS FOR REF INERY DEMOLITION

Small refinery

Asbestos removed
Boilers
Tanks and vessels
Pumps
Piping

~ Asbestos waste generated

Medium refinery

Asbestos removed
Boilers
Tanks and vessels
Pumps
Piping

‘Asbestos waste generated

9
8
1.
2,

3, 469 m3
.358 m3

m3 (31,900 ft3)

03
50 m3 (30,000 ft3)

6 m3 557 ft3) :
669 m3 (94,250 ft3)

13,271 m3 (17,368 yd3)

1, 526 m3 (53,900 ft3%
(122 goo ft

(123 ft .

10,379 m3 (366, 528 ft3)

47,196 m3 (61,767 yd3)
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TABLE 5-27. MODEL PARAMETERS FOR REFINERY MAINTENANCE

small refinery

 Asbestos removed
Pipes

Asbestos waste generated

Medium refinery -

Asbestos removed
Pipes

Asbestos waste generated

7.4 m3 (262 ft3)

22 m3 (29 yd3)

7.4 m3 (262 ft3)

22 m

TABLE 5-28; ~ASBESTOS MATERIALS IN SMALL, 12-MW POWER PLANT

Location of
asbestos

Amdunt of

~ asbestos

Type and
thickness
of asbestos

Boiler

Turbine

10-cm (4¥in) piping'

- Miscellaneous

74 m2 (800 ft2)
3 m2 (30 t2)
457 m (1,500 ft)

19 m (200 ft2)

7.6-cm (3-in.)

_premolded insu-

lation

7.6-cm (3-in.)
premolded
insulation

7.6-cm (3-in.)
premolded
insulation

7.6-cm (3-in)
premolded insulation
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TABLE 5-29. ASBESTOS MATERIALS IN MEDIUM, ZOO-MWVPOWER PLANT

. _ : - Type and
Location of - Amount of thickness
~ asbestos ‘ : asbestos of asbestos
Boiler R 1,189 m2 (12,800 ft2) 7.6-cm (3-in.)
: , premolded
insulation
Turbine AR 18.6 m2 (200 ft2) 7.6-cm (3-in.)
v RN : : : : premoided
7 _ insulation
30-cm (12-in) piping - 6,096 m (20,000 ft) 7.6-cm (3-in.)
_ . ' ' premolded
v ' insulation
Miscellaneous =~ 232 m2 (2,500 ft2)  7.6-cm (3-in)

premolded insulation

TABLE 5-30. MODEL PARAMETERS FOR SMALL
' 12 MW POWER PLANT DEMOLITION

Asbestos removed
“Boiler
Turbine
Pipes
Miscellaneous

Asbestos waste generated

5.7 3 (200 ft3)
0.2 m3_(8 ft3)
10.6 m3 (375 ft3)
1.4 (50 ft3)

54 m3 (71 yd3)
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- TABLE 5-31. MODEL PARAMETERS FOR MEDIUM, 200- MN
. POWER PLANT DEMOLITION

Asbestos removed -
91 m3 (3 200 ft3)

Boiler -

Turbine 1.4 m3 (50 ft3)
Pipes | ‘ | 555 m3 (19,600 ft3)
M15ce1]aneous o 18 m3 (625 ft3)

Asbestos waste generdted 1,996 m3 (2,573 yd3)

TABLE 5-32. MODEL PARAMETERS FOR SMALL, 12-MW
'POWER PLANT MAINTENANCE -

“Asbestos removed . ' o
Turbine : o 0.2 m3 (8 ft3)
Pipes 0.2 m3 (7 ft3)

" Asbestos waste generated R 1w (1 ydd)

TABLE 5-33. MODEL PARAMETERS FOR MEDIUM, 200 MW
POWER PLANT MAINTENANCE

vAsbestos removed
1.4 m3_(50 ft3)

“Turbine
Pipes | 56.2 m3 (1,990 ft3)
Asbestos waste generated ’ . 58 m (76 yd3)
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5.1.1.7 Industrial Buildings. Industrial bui]dings house

' manufacturing and the processing or‘prbcurement of goods, merchandise, raw
materials, or food. Boi]ers are an important part of many industrial
‘operations. Because of the prevalence of boilers in industrial plants and
~because thermal insulation is used on boilers and their associated steam
~and hot water piping, model’ boilers were deve]oped to represent the occur-
rence of asbestos in 1ndustr1a1 bu11d1ngs

Models were developed to represent ma1ntenance and demolition of a
small and medium boiler in a small and medium industrial building, respec-

‘tively. Boiler demolition is done in the context of demolition of the
industrial'buildjng. Asbestos materials in the small and medium industrial
buildings are shown in Tables 5-34 and 5-35, respective]y.‘

Demolition of the boilers is to be carried out by dismantling and
removing the boiler. All asbestos materials must be removed from the
boiler, pipe, and exhaust duct befbre they are dismantled and removed.
Table 5-36 presents model parameters for the boiler demolitions.

For the renovation or maintenance models, the boilers will be
~repaired, which will involve removal of asbestos on boilers, boiler stacks,
and a small amount of steam piping, approximately 3 m (10 ft) in the small
industrial building and 6 m (20 ft) in the medium 1ndustr1a1 bu11d1ng The
~asbestos on-most of the steam p1p1ng is not affected. Table 5-37 presents
mode] parameters for the boiler maintenance/repair work.

5.1.1.8 Single-Unit Dwelllngs.} Single-unit dwellings provide basic
living accommodations for a family. These dwellings normally contain

~ cooking and dining facilities, sleeping quarters, and areas for leisure and o

recreational activities. ‘They are usually one- or two-story wood frame
struétures and often have a partial basement furnace room. | |

Asbestos has been used for a wide‘variety of applications in private
home constructions. = Some app]ications have been common, others have been
-~ only occasional. The following list summarizes asbestos use in private

~homes:
. Furnace and pipe insulation
e Floor coverings (V/A floor tile and paper backing for other floor

coverings)

. ROofi?g products (asphalt shingles, A/C shingles, and roofing
felts : :
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 7ABLE 5-34. ASBESTOS MATERIALS IN SMALL INDUSTRIAL BUILDING

Location of
asbestos

Amount of

- -asbestos

Type and.
“thickness
of .asbestos

Boiler

15-cm (6-in.) steam pipe

Bgiler exhaust duct

139 m2 (1,500 ft2)

152 m (500 ft)

19.9 m (214 ft2)

6.4-cm (2.5-in.)

layered paper and

~ trowelled-on
~ material

3-cm (1.2-in.)
premolded.
insulation

1.3-cm (0.5-in)
trowelled-on
material

TABLE 5-35. ASBESTOS MATERIALS -IN MEDIUM‘INDUSTRIAL BUILDING

Location of
asbestos

r;Amount of .

.asbestos

Type and
thickness
of ‘asbestos

Boi]er

30.5-cm (12-in.) steam pipe

Boi]ér exhaust duct

929 m2 (10,000 ft2)

- 456 m (1,500 ft)

63.2 me (680 ft2)

6.4-cm (2.5-in.)

- layered paper and
“trowelled-on

material

3-cm (1.2-in.)

premolided
insulation

1.3-cm (0.5-1in)
trowelled-on
material
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TABLE 5-36. MODEL PARAMETERS FOR INDUSTRIAL

BUILDING BOILER DEMOLITION

Small industrial boiler

Asbestos removed
‘Boiler
Pipe
Exhaust duct

Asbestos waste generated

Medium industrial boiler

Asbestos removed
Boiler

~ Pipe
Exhaust duct

Asbestos waste generated

8.8 m3 (312 ft33
2.2 3 (78.5_ft3)
34 s (44 yd3)

34 m3 (44 yd3)

59 m3 §2,083>ft3)"
13.3 m3 (471.2 ft3)
0.8 m3 (28.3 ft3)

219 m3 (287 yd3)

TABLE 5-37.

MODEL PARAMETERS FOR INDUSTRIAL BUILDING
BOILER MAINTENANCE '

Small industrielvboiler

Asbestos removed
Boiler
Pipe
Exhaust duct

-Asbestos waste generated

Medium industrial boiler

Asbestos removed
‘Boiler
Pipe
Exhau>t duct

Asbestos waste generated

8.8 m3 (312 ft3)
0.1 m3 (1.9 ft3)
0.3 m3 (8.9 ft3)

28 m3 (37 yd3)

59 m3_(2,083 ft3)
0.2 m3 (6.9 ft3%
0.8 m3 (28.3 ft3)

180 m3 (236 yd3)
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. Siding materials (A/C shingles)
L Tape joint and spackling compounds

. Wallboard (used for f1reproof1ng between 11v1ng area and attached
garages)
K ‘Textured‘ceiTing paint
+ Ceiling tile |
;, wa11 and ce111ng insulation.

Furnace and pipe insulation, tape joint and spackling compounds A/C
shingles, and textured ceiling paint were used widely in home construction
and are considered friable ‘materials. Floor coverings and aspha]t roof1ng
-products also were used frequently but are not considered friable because
the asbestos is bound tightly in the products and would not be released
s1gn1f1cant]y during. demolition. Asbestos-containing wallboard, ceiling
tile, and wall and ceiling insulation were used infrequently in pr1vate
home construct1on A1l are considered friable.

Three models of sxng]e -unit dwellings were se]ected as representat1ve
of the class. A1l three have the same structure but differ in the extent
to which asbestos- conta1n1ng products were used in their. construction. The
structure for each model is a one-story wood frame bu11d1ng with a floor
area of 120 m2 (1,288 ft2), a partial basement with a floor area of 20 m2
(216 £t2), and an attached garage with a floor area of 10.8 m2 (116 ft2).
The quantities of asbestos products in each model are shown in Table 5-38.

Demolition of each model is to be accomplished with a bulldozer.
Model parameters for the private home demolitions are presented -in Table
5-39.

Renovatxon of each mode] will involve removal of different quant1t1es
of asbestos. In Model A the asbestos insulation on the furnace is to be
replaced with a nonasbestos insulation. In Model B, the asbestos furnace
~insulation is to be replaced and the asbestos- covered ducts are to be re-

moved and replaced with a -nonasbestos- -covered ductwork. The asbestos-
covered ceiling in Model C will be replaced. Model parameters for the
‘private home renovations are presented in Table 5-40.
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TABLE 5-38. ASBESTOS'MATERIALS IN SINGLE-UNIT DWELLING

) ' _ - Type and
Location of Amount of thickness
asbestos asbestos of asbestgs
Model A 7
Furnace 6.7 m (72 ft2) 7.6-cm (3-in.)

12.7-cm (5-in.) ducts

Model‘B

Furnace

%

12.7-cm (5-in.) ‘ducts

Walls (interior)

~M¢d¢1 C

"Furnace
12.7-cm (5-in.) ducts

Walls (exterior)

Ceiling

18.3 m (60 ft)

6.7 m (72 ft2)

18.3 m (60 ft)

©10.4 m2 (112 ft2)

6.7 me (72 ft2)

18.3 m (60 ft)

110 m2 (1,184 ft2)

120 m2 (1,288 ft2)

“trowelled-on-:
material

5-cm (3-in.)
premolded
insulation

7.6-cm (3-in.)
trowelled-on
material

5-cm (2-in.)
premolded -
-insulation ;

1.6-cm (0.6-in.)
wallboard o

7.6-cm (3-in.)
trowelled-on

‘material

S5-cm (2-in.)
premolded insu-
lation

0.6-cm (0.3-in.)
A/C shingles

1.3-cm (0.5-1in.)

- sprayed-on material
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TABLE 5-39. MODEL PARAMETERS FOR DEMOLITION OF SINGLE-UNIT DWELLINGS

'Model A
Asbestos removed

Furnace
Ducts

Asbestos waste generated
_Model B

Asbestos removed
Furnace
Ducts.

- Walls

Asbestos waste generated
Model C

Asbestos removed
Furnace
Ducts
Exterior walls
Ceiling

' _Asbestos waste generated

T OO

5 OO0

—_0O 00O

(Ve

.5 m3 (18 ft3) J
5md (18 ft3) !

m3 (4 yd3)

3 (18 ft3)

Hom2
5m3 (18 ft3)
L2 m

3 (6 ft3)

TABLE 5-40. MODEL PARAMETERS FORvRENOVATION_OF SINGLE-UNIT DWELLINGS

Model A

Asbestos removed
- Furnace

 Asbestos waste. generated:

Model B

Asbestos removed
Furnace
Ducts

Asbestos waste'génerated
Model C o

Asbestos removed
Ceiling

Asbestos waste generated

0.5 m3 (18 ft3)

2 m3 (3 yd3)

m3 (18 ft3)

5m
.5 m3 (18 ft3)

1.2m3 (54 ft3)

am (5 yd3)»
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5.1.1.9 Ships. |
5.1.1.9.1 Passenger ships. Passenger ships are Jarge vessels normal-

ly driven by steam power. They are equipped with boilers, turbines, and

associated piping and equipment that require thermal insulation.
Asbestos'insu]ation is located on steam and hot water pipes and

fittings, feedwater pumps, evaporators, turbines, and condensers.

~ One model was developed to represent a maintenance activity on a

cruise ship. Maintenance consists of the overhaul of.two turbines on a

. 22,680-Mg (25,000-ton) cruise ship. Overhaul requires removal of asbestos

insulation from turbines and related pipes, valves, and fittings. Table

5-41 shows the quantities of asbestos involved, and Table 5-42 presents

| model parémeters for the turbine overhaul. _

| '5'1 1.9.2 Cargo ships. Cargo ships are of many different types and

classes, depending on the type of service for which ‘they ‘were designed.

They range ‘in length from about 152 m (500 ft) to more than 305 m (1,000

ft). When ships are retired from active service, they are placed in a

reserve fleet where, from time to. time, they are designated for scrap and

put up for bids.

Asbestos- conta1n1ng products on cargo ships consist of wa]]board to -
cover the bulkheads in the accommodations area and of 1nsu1at1on on hot
-water and steam piping and on boilers, tanks, and machinery casings.

One -model was selected to represent demolition of an average-sized
cargo ship. The mode] cargo ship has a length of 152 m (500 ft), a beam of
18.3 m (60 ft)v and a deadweight of about 9,072 Mg (10,000 ton). The model
ship will be demolished by a ship- -wrecking crew, who will remove all
asbestos~containing material before dismantling the ship. Table 5-43 shows .
the gquantities of asbestos materials the mode) cargo ship contains. Model
parameters for the cargo ship demolition are given in Table 5-44. _

5.1.1.10 Office Buildings. Office buildings genera11y provide
-working space for service-type organizations such as architéctura],
engineering, law, financial, and managerial organizations. In addition to
-individual offices, these buildings may also contain conference rooms,
1Eafeterias, and support facilities such as drafting and duplicating

centers.
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TABLE 5-41. ASBESTOS MATERIALS IN CRUISE SHIP

' . ~ Type and
Location of = Amount of - thickness
asbestos R -~ asbestos - of asbestos

Turbines (2) o 55.7 m2 (600 ft2) 7.6-cm (3-in.)
‘ ‘ - v ' premolded
insulation

Pipes .  g.3m? (100 ft2) 7.6-cm (3-in.)
o ' , ' R - premolded
insulation

TABLE 5-42. MODEL PARAMETERS FOR TURBINE OVERHAUL
| | " ON CRUISE SHIPS o

Asbestos removed S , ' S
Turbines o 4.2 m3 (150 ft3)

© Pipes : : 0.7 m3 (25 ft3)f
~ Asbestos Waste'generatéd» R = 15 m3 (20 yd3) '
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TABLE 5-43.

ASBESTOS MATERIALS IN CARGO SHIP

, § Type and
Location of Amount of thickness
asbestos asbestos of asbestos
Bulkheads 2,787 m2 (30,000 ft2) 0.64-cm (1/4-in.)
: : R : ,marine board
Equipment 1,300 m2 (14,000 ft2) 5-cm (2-in.)
: o -trowelled-on
' o material
Pipes 2,815 m2 (26,000 ft2)  5-cm (2-in.)
, : premolded
insulation -
TABLE 5-44. MODEL PARAMETERS'FOR DEMOLITION '

OF - CARGO SHIPS

Asbestos -removed
Walls
Equipment
Pipes

| Asbestos waste generated

66 m3

18 m3 (625 ft3)
(2,333 ft3%
123 m3 (4,333 ft3)

621 m3 (813 yd3)
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Asbestos was used in office buildings as acoustical ceiling
treatments, fireproofing for steel frames, and thermal ‘insulation on
boilers, furnaces, and associated pipes'and ducts. Office bu11d1ngs range
in size from sma11,-one-story wood frame structures to large, multistory,
steel frame structures. : B |
Mode]s were developed to represent the demo11t1on and renovation of
small, " medium, and large office bu11d1ngs ‘The first is a small, one-story
building with a steel frame and masonry veneer. The building is 3 m (10
ft) high and has a floor area of 669 m2 (7, 200 ft2). The‘building has a
partial basement that houses a boiler and other mechan1ca1 equipment.
Table 5-45 shows the asbestos materials in the small office building and
Tables 5-46 and 5-47 present mode parameters for its demolition and reno-
vation, respectively. Renovation will consist of rep]acement of the
~ ceiling. Demolition will be by front- end 1oader
, The second office building is a medium, five-story, reinforced con-
crete bu11d1ng with a total floor area of 3, 344 m2 (36,000 ft2) on the five
aboveground stories. The model is 18 3 m (60 ft) high and contains a
partial basement that houses a bo11er and other mechan1ca1 equipment.
Table 5-48 Tists the asbestos materials conta1ned in the model. ~Tables:
 5-49 and 5-50 present model parameters for demolition and renovation of the
building. Renovation will consist of replacing the ce111ng Demolition
will be by ball and clam or floor by floor. o
v The third office building is a ]arge 20-story steel frame structure
with a full basement. The model is 61 m (200 ft) high and has a total
floor area of 26,756 m (288, 000 ft2) excluding the basement. The basement
contains two boilers and other mechanical equipment. Several storage-areas
~are ‘also located in the basement. Table 5-51 presents the asbestos
materials contained in the large office. building. Tables 5-52 and 5-53
g1ve model parameters for demolition and renovation of the bu11d1ng Reno-
vation will consist of replacing the ceiling. Demolition will be by
implosion, ball and clam, or floor by floor.
5.1.1.11 Hospitals énd’lnstitutions Hospita]s and institutions are
designed to prov1de overn1ght care for i11, injured, or otherWise'disabled
persons.. In addition to genera] care rooms and wards, they have special
. areas set aside for emergency treatment, surgery, and other special
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TABLE 5-45.

ASBESTOS MATERIALS IN SMALL OFFICE BUILDINGS

- L Type and
Location of Amount - of - thickness
- asbestos asbestos of:asbestos
Boiler 9.3 m (100 ft2) 7.6-cm (3-in.)

Bdi1er Stack

~ Steam piping -
Exposed 5-cm (2-in.)

Concealed 2.S-cm (1-in.)

Hot water piping
~ Concealed 2.5-cm (1l-in.)

~ Ceiling

3.7 m2 (40 ft2)

21.3.m (70 ft)

66 m (250 ft)

30.5 m (100 ft)

669 m2 (7,200 ft2)

trowelled-on
material

3.8-cm (1.5-in.)
~ premolded insu-
»1ation

2.5-cm (1-in.)
premolded insu-
lation ’

2.5-cm (1-in.)
premolded insu-
lation

2.5-cm (1-in.)
premolded
~insulation

1.3-cm (0.5-in.)
sprayed-on
material

TABLE 5-46.

OF SMALL OFFICE

MODEL PARAMETERS FOR DEMOLITION

BUILDING

Building area

Asbestos removed
Boiler
Stack
Piping
Ceiling

Asbestos waste generated

669 m2 (7,200 ft2)

0.71 m3 (25 ft3)
0.14 m3 (5 ft3)
10.43 m3 (15.3 ft3)

8.5 m3 (300 ft3)

29 m3 (38 yd3)
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TABLE 5-47. MODEL PARAMETERS FOR RENOVATION
OF SMALL OFFICE BUILDINGS ' :

Building area

 Asbestos removed
Ceiling

Asbestos waste generated:

- 669 m2 (7,200 ft2)

8.5 m3 (300 ft3)

26 m3 (34 yd3)

" TABLE 5-48.

" ASBESTOS MATERIALS IN MEDIUM'OFFICE‘BUILDING

~ Location of
asbestos

Amount: of
asbestos

Type and
thickness
of asbestos

Boiler

Steam piping ‘
Exposed 7.6-cm (3-in.)

| Conéea]ed 5-cm (2-in.)

Concealed 2.5-cm (l-in.)

Hot water piping
Concealed 5-cm (2-in.)

Concealed 2.5-cm.(1-ih;)

Ceiling

27.9 m2 (300 ft2)

| 36.6 m (120 ft)
30.5 m (100 ft)

137.2 m (450 ft)

45.7 m (150 ft)
137.2 m (450 ft)

3,344 m2 (36,000 ft2)

7.6-cm (3-in.)
trowelled-on
material

2.5-cm (1-in.)

premolded insu-
Tation

© 2.5-cm (1-in.)

premolded insu-
1ation

2.5-cm (1-in.)
premolded insu-
Jation

2.5-cm (1-in.)
premolded
insulation

2.5-cm (1-in.)
premolded insu-
lation

2.5-cm (1-in.)
sprayed-on
material
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TABLE 5-49. MODEL PARAMETERS FOR DEMOLITION
OF MEDIUM OFFICE BUILDING

)

Building area 3,344 m2 (36,000 ft2)

Asbestos removed S .
Boilers | S 2.1 3 (75 ft3)_
Pipes . DR 1.9 m3_(66.2 ft3)
Ceiling. | 84.9 m3 (3,000 ft3)

Asbestos waste generated 267 m3 (349 yd3)

TABLE 5-50. MODEL PARAMETERS FOR RENOVATION OF
: ‘MEDIUM OFFICE BUILDING

Building area o | 3,344 m2 (36,000 ft2)
Asbestos removed » ' |
~ Ceiling - L ' 84.9 m3 (3,000 ft3)

Asbestos waste generated 255 m3 (334 yd3)
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TABLE 5-51.

ASBESTOS MATERIALS IN LARGE OFFICE BUILDING

Location of
“asbestos

Amount of
asbestos

_Type énd
thickness
of asbestos

Boiler. (2)

Steam.piping N
Exposed 7.6-cm (3-in.)

Concealed S-cm (2-in.)

Concealed 2.5-cm (1-in.)

"Hot water:pipihg ,
~ Concealed 5-cm (2-in.)

 Concealed 2;5§cm‘(1-in.)

Struttdra] stee]
30.5-cm (12-in.) cp]umns

'15.2-cm7(6-in.)-beams

Ceiling

74,3 m2 (800 ft2)

110 m (360 ft)

198 m (650 ft)

1,006 m (3,300 ft)

335 m (1,100 ft)

1,006 m (3,300 ft)

1,189 m (3,900 ft)

17,678 m (58,000 ft)

26,756 m2 (288,000 ft2)

7.6-cm (3-in.)
trowelled-on
material

2.5-cm (1-in.)

premolded insu-
lation '

2.5-cm (1-in.)

~premolded insu-

lation

2.5-cm (1-in.)
premolded insu-

"lation

2.5-cm (1-in.)

premolded
insulation

2.5-cm (1-in.)

- premolded insu-

Tation

7.6-cm (3-in.)
sprayed-on
materia1

'3.8-cm (1.5-in.)

sprayed-on
material

2.5-cm (1-in.)
sprayed-on
material
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TABLE 5-52. MODEL PARAMETERS FOR DEMOLITION

OF LARGE OFFICE

BUILDING

Building area

Asbestos removed
Boilers
Pipes
Structural steel’
Ceiling '

Asbestos waste generated

~ 26,756 m2 (288,000 ft2)

5.7 m3_(200 ft3%
12.3 m3 (434 ft3)
609 m3 (21,500 ft3)

679 m3 (24,000 ft3)

3,918 m3 (5,128 yd3)

TABLE 5-53. MODEL PARAMETERS FOR RENOVATION

OF LARGE OFFICE

BUILDING

Bui]ding‘afea

‘Asbestos removed
~ Ceiling

Asbestos waste generated

26,756 m2 (288,000 ft2)

679 m3 (24,000 ft3)

2,037 m3 (2,666 yd3)
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functions. Hosp1ta]s and 1nst1tut1ons are housed in bu11d1ngs that range
from small one-story structures to large, mu1t1story structures. Asbestos
was used as fireproofing on steel frames; as thermal 1nsu1at1on on bo11ers
furnaces, and p1p1ng, and as acoustical treatments on ceilings.

~ Models were developed to represent the demolition and renovation of =
small, medium, and large hospitals and. institutions. The first is small, a
10-bed hosp1ta1 in a one-story structure with a total floor area of
4,389 m2 (14,400 £t2). The hospital has a partial basement with a floor
area of 74.3 m2 (800 ft2). A small boiler and other mechanical equipment
are housed in the basement. Table 5-54 shows the amount of asbestos
materials conta1ned in the small hosp1ta1 and Tables 5- 55 and 5-56 present
_model parameters for its demolition and renovation, respectively.
Dem011t1on will be by front-end. loader and renovation will consist of
replacing the boiler, stack and exposed steam piping.

The second hospital is a medium hospital with 200 beds in a three-
story steel frame building. A small separate building adjacent to the main
building houses two bo1lers and other mechanical equipment to support hos-
pital operations. The main building is 98 m (32 ft) high and has a total
floor area of 5,574 m2 (60,000 ft2). Table 5-57 shows the amount of asbes-
tos materials in the medium hospital “and Tables 5-58 and 5- 59 present mode]
“parameters for demolition and renovation of the hospital. Demo]1t1on w11]
be by ba]] and clam or floor by floor. Renovation will consist of
‘ rep]ac1ng bo1]er stacks, and exposed steam piping.

The third hosp1ta1 is a large, 800- bed hospital in a metropolitan
area. Conta1ned in a seven-story re1nf0rced concrete building, the
hospital has a full basement that contains storage areas, two boilers, and
other mechanical equipment. " The building is 22 m (72 ft) high and has a
total floor area of 29,357 mé (316,000 ft2) in the seven aboveground
“stories (3,530 m2 [38,000 ftZ] per story). Table 5-60 lists the amount of
v asbestos mater1als contained in the model and. Tables 5-61 and 5-62 present
model parameters for demolition and renovat1on of the model. Demolition
will be by implosion, ball and clam, or floor by floor; renovat1on will
consist of replacing the boilers, stacks, and exposed steam piping.
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TABLE 5-54.

ASBESTOS MATERIALS IN SMALL HOSPITAL

Typeland
Location of Amount of thickness
asbestos asbestos of "asbestos
Boiler 9.3 m2 (100 ft2) ~7.6-cm (3-in.)

Boi]er'stack~

Steam piping '
- Exposed 5-cm (2-in.)

Concealed 2.5-cm (1-in.) -

Hot water piping
Concealed 2.5-cm (1-in.)

Ceiling

3.7 m2 (40 t2)

21.3.m (70 ft)

128 m (420 ft)

183 m (600 ft)

74.3 m2 (800

trowelled-on
material

3.8-cm (1.5-1in.)
premolded insu-
lation

2.5-cm (1-in.)
premolded insu-
lation

2.5-cm (1-in.)
premolded - insu-
lation

2.5-cm (1-in.)
premolded
v insulation
ft2)

/ trowelled-on
material

TABLE 5-55.

MODEL PARAMETERS FOR DEMOLITION
OF SMALL HOSPITAL

Building area

Asbestos removed
Boiler -
Stack
Piping
Ceiling

Asbestos waste generated

1,338 m2 (14,400 ft2)

5-45"

1.3-cm (O.S-in.)r




TABLE 5-56. MODEL PARAMETERS FOR RENOVATION OF SMALL HOSPITAL

Building area
Asbestos'removed
Boiler
. Stack- -
Piping

Asbestos waste generated

'1,338 n2 (14,400 ft2)

0.71
0.14m
0.1'm
3m

3 (4 yd3)

m3 (25 ft3)

 TABLE 5-57.

ASBESTOS MATERIALS IN MEDIUM HOSPITAL

j ‘ - Type and
Location of Amount. of - thickness
-asbestos ) asbestos of ~asbestos
Boiler (2) 41.8 m2 (450 ft2) 7.6-cm (3-in.)
trowelled-on
v materia]
Stacks (2) 9.3 m (100 ft2) 2.5-cm (1-in.)

~Steam piping ST
’ Exposed 7.6-cm (3-in.)

Concealed 5-cm (2-in.)

Concealed 2.5-cm (1-in.)

Hot water p1p1ng
Concealed 5-c (2 -in. )

Concealed 2.5-cm (1-in.)

Structural steel

25.4-cm (10-in.) columns

15.2-cm (6-in.) beam$

18.3 m (60 ft)

457 m (1,500 ft)

762 m (2,500 ft)
457 m (1,500 ft)

| 762 m (2,500 ft).

2,865 m (9,400 ft)

4389 m (14,400 ft)

~premolded insu-

lation

2.5-cm (l-in.).
premolded insulation

2.5-cm (1-in.)
premolded -insulation
2.5-cm (1-in.) '

premolded insulation

2.5-cm (1-in.)
premolded
insulation

2.5-cm (1-in.)
premolded insulation

6.4-cm (2.5-in.)
sprayed-on
material
3.8-cm (1.5-in.)
sprayed-on
material
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TABLE 5-58. MODEL PARAMETERS FOR DEMOLITION OF MEDIUM HOSPITAL

Building area

‘Asbestos removed
~Boiler
Stack
Piping :
Structural steel

Asbestos wéstehgenerated

5,574 m2 (60,000 ft2)

3.2 m3 (112 ft3)

0.2 m3 (8.3 ft3)
12 m3_(419 ft3)
322 m3 (11,380 ft3)

1,012 m3 (1,324 yd3)

 TABLE 5-59. MODEL PARAMETERS FOR RENOVATION OF MEDIUM HOSPITAL 1

Building area

Asbestos removed
Boiler
Stack
Piping

Asbestos waste generated

5,574 m2 (60,000 ft2)

3)‘

3.2 m3 (112 ft
0.2 m3 (8.3 ft3)
0.1 m3 (3.9 ft3)

11 3 (14 yd3)
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TABLE 5-60.

ASBESTOS MATERIALS IN LARGE HOSPITAL

Locétion of
asbestos

Amount.of 
asbestos

Type and
thickness
of asbestos

Boiler (2)
Stacks'(Z)

Steam piping' _
Exposed,7.6-cmr(3-in.)

Concealed 5-cm (2-in.)

Concealed 2.5-cm (1-in.)

Hot water piping
Exposed 5-cm (2-in.)

Concealed 5-cm (2-in.)

Concealed 2.5-cm (1-in.)

Ceiling

83.6 m2 (900 ft2)

20.9 m2 (225 t2)

122 m (400 ft)

2,006 m (6,580 ft)
7,315 m (24,000 ft)

122 m (400 ft)

2,006 m (6,580 ft)

7,315 m (24,000 ft)

3,530 m2 (38,000 ft2)

7.6-cm (3-ih.)
trowelled-on
material

2.5-cm (1=-in.)
premolded insu-
lation »

2.5fcm (1-in.)
premoided insulation

2.5-cm (1-in.)

premolded insulation
2.5-cm (1-in.)

“premolded insulation

2.5-cm (l-in.)
premolded
insulation

2.5-cm (1-in.)

- premolded insulation

2.5-cm, (1-in.)
premolded insu-
Tation

1.3-cm (0.5-in.)
sprayed-on
material
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~ TABLE 5-61. MODELYPARAMETERS FOR DEMOLITION OF LARGE HOSPITAL

Building area

Asbestos removed
- Boilers
Stacks
Piping
Ceiling

Asbestos waste generated

31,293 m? (316,000 ft2)

6.4 m3 (225-ft3%

0.5 m3_(18.8 ft3)
85.4 m3 (3,015 ft3)
44.8 m3 (1,583 ft3)

411 m3 (538 yd3)

TABLE 5-62. MODEL PARAMETERS FOR RENOVATION OF LARGE HOSPITAL

Building afea |

Asbestos removed

. Boilers

+5 . Stacks
Piping

Asbestos}waste generated

31,293 m2 (316,000 ft2)

6.4 m3 (225 ft3% .
0.5 m3 (18.8 ft3)
0.7 m3 (26.2 ft3)

23 m3 (30 yd3)
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5.1.1. 12 Sub- threshold Structure .This model represents additional

| bu11d1ngs that would be subject to the NESHAP work practice requirements
for demolitions and renovations if the present. threshold amounts were
deleted and all removals. 1nvo1v1ng any quantity of asbestos were covered.
The mode1 includes asbestos-on a furnace and on piping; the amounts are
‘shown in Table 5- 63 Parameters for demolition and renovation of the mode]

sub-threshold structure are shown in Table 5-64.
5.1. 1 13 Structures Containing Nonfriable Asbestos Mater1a1s Model

structures were developed to represent structures containing various
nonfriable materials including A/C sheet, vinyl floor tile, and built-up
roofing. G s , o ' . ‘ 7
5.1, 13.1 Vinyl Floor Tile. Vinyl floor tileS]were'used widely in
most types of building construction, including residential commercial,
~industrial, and institutional and were installed over various types of
-~ decking material 1nc1ud1ng wood and concrete. A three- -story, five-unit
apartment building was selected for the mode containing vinyl floor tile.
Prior to demolition,: the entire 7,500 ft2 of floor tile will be manually
removed. The renovat1on consists of manually remov1ng 2,500 ftZ of floor
tile. Table 5-65 presents 1nformat1on on the model apartment containing
nonfriable v1ny1 floor tile. The model parameters for the demolition and

renovation are presented in Table 5-66.

'5.1.1.13.2 A/C Sheet. Corrugated and flat A/C sheet were widely used
as siding and roof1ng in the construct1on of industrial buildings. It has
been estimated that the average amount of A/C siding and roofing used per
industrial building construction project is 24,750 ft2. A model was
developed represent1ng both the demolition and renovation of an industrial
structure containing 24,750 ft2 of A/C siding and roof1ng material. The

~ entire 24,750 £t2 of A/C sheet is removed by hand. Table 5-67 presents

information on the mode] apartment containing nonfriable vinyl floor t11e
The model parameters. for the removal of the nonfriable A/C sheet are
presented.1n,Tab1e 5-68..
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~ TABLE 5-63.  ASBESTOS MATERIALS IN SUB-THRESHOLD STRUCTURE

"~ Type and

Location of : Amount of thickness
asbestos - ; 7 v asbestos f of asbestos
Furnace | 6.7 m2 (72 ft2) - 7.6-cm (3-in.) -
' , -~ trowelled-on
, materia]
12.7-cm (5-in.) ducts 18.3 m (60 ft)  5-cm (2-in.)
_ v \ premolded

insulation

- TABLE 5-64. MODEL PARAMETERS FOR‘DEMOLITION AND.
RENOVATION OF SUB-THRESHOLD STRUCTURE

Demolition

-~ Asbestos removed

Furnace o ‘ 0.5 m3 (18 ft3)

Ducts | , | 0.5 m3 (18 ft3)
Asbestos waste generated S 3 m3 (4 yd3)
Renovation | | |

Asbestos remoVed: ’
Furnace S : 0.5 m3 (18 ft3)

Asbestos waste generated : 2 m3 (3 yd3)
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(ABLE 5-65. NONFRIABLE VINYL FLOOR TILE IN AN APARTMENT BUILDING

Location of = ~ - Amount of Type‘and thickness
asbestos ' ’ asbestos - of asbestos
Flooring R 700 m2 (7,500 ft2) 0.16-cm (0.0625-in.)

vinyl f]oor tile

TABLE 5-66. MODEL PARAMETERS FOR DEMOLITION AND RENOVATION
" OF APARTMENT BUILDING CONTAINING VINYL FLOOR TILE -

Building area | Vo 766 m2 (8,250 ft2)
Demolition o | |

‘Asbestos'removed

~ Flooring , | ' am
Asbestosvwaste 3 m3
Renovation -

Asbestos removed » : :
- Flooring 7 : 0.4 m3 (13 ft3%
Asbestos waste generated 1.2 m )
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CTABLE 5-67. NONFRIABLE A/C SHEET IN AN INDUSTRIAL BUILDING

Location of o Amount of , | Type and thickness of

asbestos . - asbestos : _ asbestos

Exterior siding 2,300 m2 (24,750 ft2) 0.6-cm (0.25-in. )
andrroofingr R : _ A/C sheet

TABLE 5-68. MODEL PARAMETERS FOR REMOVAL OF NONFRIABLE
A/C SHEET FROM INDUSTRIAL BUILDING

Building area o | S 1,650 m2 (17,750 ft2)
Asbestos removed |
Siding and roofing - e 14 m3 (516 ft3)
~Asbestos waste generated S 42 m3 (57.3 yd3)

5=53




5.1.1.13.3 Built-up roofing. A three- story,.five-unit apartment
building was ‘selected for the model containing built-up roofing. The model
apartment building has a total floor area of 7,500 £t2 and contains 2,500
ftZ of built-up roof1ng The demolition of the building is done floor by
~floor. In the renovation ‘model, the entire 2,500 ft2 of asbestos roofing
material is be1ng replaced. Table 5-69 presents information on the model
apartment containing built-up roofing. The model parameters for the
removal of the asbestos conta1n1ng bu11t -up roof1ng are presented in Tab]e
5-70. ‘ '

5 1. 2 Milling
Asbestos m1111ng is the process by which asbestos fibers are separated

from the raw ore, through either a dry or wet process The four existing
“U.S. plants have ‘annual product1on capac1t1es ranging from about 1, 000 to
65,000 tons. Solid wastes are produced in the form of mill tailings and
baghouse wastes. Tailings usually are wetted before being dumped onto the
disposal p1]e baghouse wastes may be partly recycled to the process or may
‘be wetted and transported to the tailings pile. Solid waste may be treated
with chemical dust suppressants to prevent wind erosion.

| Two model plants for asbestos mills are presented to cover the range

in sizes of U.S. mills as well as the types of ore processing used. - One
~uses a wet milling process and the other a dry process A typical asbestos
mill may process ore at a rate of 280 ton/hr and have a production capacity
of 65,000 ton/yr of raw asbestos fibers. Such a plant may operate 6,000 to
8,700 h/yr and generate approximately 270 ton/hr of solid waste. Table
5-71 presents operating parameters for the model asbestos mills. |

5.1.3 Manufacturing | R |
' 5. 1.3.1 Paper Manufacturing. The manufacturing of paper products'is

carr1ed out by processes very similar to those used in other paper manufac-
turing operations. Asbestos fibers are mixed with water and other
1ngred1ents and the slurry is then processed into paper. Existing plants
- have product1on capac1t1es ranging from about 550 to 140, 000 ton/yr. In

_ some plants dry asbestos fibers are dumped from bags into the process

| stream, while in other plants pulpable bags are used and the unopened bags
are added to the papermaking process. 1f bag dump1ng is employed the
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"TABLE 5-69. NONFRIABLE BUILT-UP ROOFING IN AN APARTMENT BUILDING

Location of Amount of - Type and thickness of
asbhestos : asbestos asbestos
Roofing 232 m2 (2,500 ft2)  7.6-cm (3.0-in.)

: - built-up roofing

TABLE 5-70. MODEL PARAMETERS FOR ‘REMOVAL OF NONFRIABLE
ASBESTOS-CONTAINING BUILT-UP ROOFING FROM APARTMENT BUILDING

© Building area | 766 m2 (8,250 ft2)
Asbestos removed o ' :
| Built-up roofing - = 17.7,m3 (625,ft3)
Asbestos waste generated '. 53.1 m3 (69.4 yd3)
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TABLE 5-71.

OPERATING PARAMETERS FOR
"ASBESTOS MILLS :

' Typical dry asbestos mill

B Plant capacity
‘Annual prdddction"

- Solid wQste‘generated
Annual operating hours

_Emission controld
" Baghouse

Inlet loading

65,000 ton/yr
40,000 tons
1,700,000 ton/yr

6,240
2 @ 45,000 cfm
1 @ 40,000 cfm
1 @ 400,000 cfm
9.8 grains/acf

wetiasbestos mill

Plant capacity

Annual production .
Solid waste generated
Annual operating hours

Emission control
Baghouse

Inlet 1oading

65,000 ton/yr
40,000 tohs
20,000 ton/yr

6,240
0,000 cfm

5,000 cfm

2
1
10,000 cfm

20
26
20
9.8

grains/acf

acfm
acf

cubic feet per minute
actural cubic feet
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mixing process must be'contrdlled by ‘Tocal exhaust ventilation (LEV)
systems and the air sent to a pur1fy1ng system before being recycled or
exhausted. In these cases, solid waste is generated in the emission
control system and by the empty bags. Other solid wastes are generated by
purification of process wastewater. If pulpable bags aredused,]LEV'syStems
“are not required and the only solid waste is produced through purification
of‘process wastewater. Baghouse wastes normally are retdrned to the manu-
facturing process, and wastewater sludge normally is disposed of at a
landfill. A small amount of solid waste is generated from waste products
but most of it can be recycled into the manufacturing process. -

Model plants were developed for three sizes of paper manufacturing
plants. A small p]ant may produce 3,000 to 6,000 ton/yr of product and
consume about 3,750 to 7,500 ton/yr of raw asbestos fibers. Annual
operating hours may range from 4,000 to 6,000, and solid waste generation
may'range from 4 to 7 ton/yr. Waste is hau]ed to a public or private off-
site landfill or is disposed of on site. : |

A typical plant may produce 15,000 to 25 000 ton/yr of paper and con-
~sume 11,000 to 16,000 ton/yr of raw asbestos fibers. Annual operating
hours may rangeffrom 4,000 to 6,000, and solid waste generation may range
from 18 to 30 ton/yr. Waste is hauled to an off-site landfill for
d1sposa]

A large plant may produce from 65 000 to 115,000 ton/yr of paper and
consume 48,000 to 85,000 ton/yr of raw asbestos fibers.  Annual operating
hours may range from 4,000‘to 6,000 and waste generation may'range from 78
to 138 ton/yr. Waste is hauled to an off-site landfill for disposal.
Table 5-72 presents operating parameters for the three sizes of